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GenBank: X12830.1 

Human mRNA for interleukin-6 (IL-6) receptor 

Comment Features Sequence 
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source 



X12830 



3319 bp 



mRNA 



Change Region Shown 
Customize View 
linear pri 07-OCT- Analyze This Sequence 



Human mRNA for interleukin-6 (IL-6) receptor. 
X12830 M20566 
X12830.1 GI:33845 

BSF-2 receptor,* glycoprotein; interferon beta II receptor; 
interleukin 6 receptor; receptor; transmembrane protein. 
Homo sapiens (human) 
Homo sapiens 

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi ; 
Mammalia; Eutheria; Euarchontoglires ; Primates; Haplorrhini; 
Catarrhini; Hominidae; Homo. 

1 (bases 1 to 3319) 

Yamasaki, K. , Taga,T., Hirata,Y., Yawata ( H. , Kawanishi , Y . , 
Taniguchi,T. , Hirano, T. and Kishimoto, T . 

Cloning and expression of the human interleukin-6 (BSF-2/IFN beta 
2) receptor 

Science 241 (4867), 825-828 (1988) 
3136546 

2 (bases 1 to 3319) 
Hirano, T. 
Direct Submission 

Submitted (05-SEP-1988) Hirano T., Division of Immunology, 
Institute for Molecular and Cellular Biology, Osaka University, 



Run BLAST 
Pick Primers 

Articles about the IL6R gene 

Novel loci, including those related to 
Crohn <|P^^p£oHasis,tejiet, 2009] 



[Association of the D358A 
huBO^rK<w^)hfsiaroiah0Rj§e5a Sfrth B$£9] 

Genotype at the sll_-6R A358C 
poiymtj^jirea^ 0] 

» See all... 

RefSeq Alternative Splicing 

See 2 reference mRNA sequence splice 
variants for the IL6R gene. 



Yamada oka, Suita, Osaka 565, Japan 

On Jul 24, 2002 this sequence version replaced gi ; 186346 . 
Location/Qualifiers 
1. .3319 
/organ ism= "Homo sapiens" 
/mol_type= "mRNA" 
/db_xr ef = " taxon : 9606 " 
/clone="pBSF2R.236" 
/cell_line="YT" 
CDS 438.. 1844 

/codon_start=l 

/product- "IL-6 receptor precursor (AA -19 to 44 9) " 

/proteinic " CAA3 1312.1 " 

/db_xref=''GI: 33846" 

/db_xref="GDB: 127966" 

/db_xr ef = » GOA : P08887 " 

/db_xref = "HGNC : 6019 " 

/db_xref = " Inter Pro : IPR003530 " 

/db_xref = " Inter Pro : IPR0Q3598 " 

/db_xr ef = " Int erPro : IPR003961 » 

/db_xref = " Inter Pro : IPR007110 " 

/dhrxref =" Inter Pro ; IPR008957 " 

/db_xref - ■ InterPro ; IPR013151 " 

/db_xref = " InterPro : I PRO 153 2 1 " 

/db_xref = "PDB : 1N2 6 " 

/db_xr ef = " PDB : 1N2Q " 

/db_xref = " PDB : 1P9M" 

/ db_xr ef = » PDB : 2ARW" 

/db_xref = "Uni ProtKB/Swi ss - Prot : P08887 " 
/translation=" MLAVGCALLAALLAAPGAALAPRRCPAQEVARGVLTS LPGDSVT 
LTCPGVE PEDNAT VHWVLRKPAAGSHP SRWAGMGRRLLLRS VQLHDSGNYS C YRAGRP 
AGTVHLLVDVPPEEPQLSCFRKSPLSNWCEWGPRSTPSLTTKAVLLVRKFQNSPAED 
FQEPCQYSQESQKFSCQLAVPEGDSSFYIVSMCVASSVGSKFSKTQTFQGCGILQPDP 



More about the 1L6R gene 

Interleukin 6 (IL6) is a potent pleiotropic 
1 cytokine that regulates cell growth and 
differentiation and plays an important 
role in immune re... 

Also Known As: CD126, IL-6R-1, IL-6R- 
a... 

Homologs of the IL6R gene 

The IL6R gene is conserved in 
chimpanzee, dog, cow, mouse, and rat. 
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M20566 (1) 



Human mRNA for interleukin-6 
(IL-6) receptor 

*l2B3fl(1) NuOeotH* 

Cloning and expression of the 
human interleukin-6 (BSF- 

RecName: Full = Interleukin-6 
receptor subunit alpha; 

» See more... 
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PANITWAVARNPRV^SVTWQDPHSWNSSPYRLRPELRYRAERSKTFTTWMVKDLQHH 

C VI HDAWSGLRH WQLRAQE E FGQGE WSE WS PE AMGT PWTES RS P P AENE VS TPMQ AL 

TTNKDDDNI LFRDS ANATSLP VQDSS S VPLPTFLVAGGSLAFGTLLC IAI VLRFKKTW 

KLRAL.KEGKTSMHPPYSLGQLVPERPRPTPVLVPLISPPVSPSSLGSDNTSSHNRPDA 
RDPRSPYDISNTDYFFPR" 
438 . .494 

/note=" signal peptide (AA -19 to -1) " 
495. . 1841 

/product="IL-6 receptor (AA 1-44 9) " 
495. . 764 

/note="Ig superfamily domain" 
600 . . 608 
/note="pot 
714 . . 722 
/not e= "pot 
1098. .1106 
/note="pot 
1170 . . 1178 
/note="pot 
1485 . . 1493 
/note="pot 
1512. . 1595 

/note= 11 transmembrane domain" 
1758 . . 1766 

/note="pot. N- linked glycosylation site" 
3134 . .3139 

/note="pot. polyA signal" 
3159 . .3164 

/note= "pot .alt . polyA signal" 
3319 

/note= "polyA site" 
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N~ linked glycosylation site" 
N-linked glycosylation site" 
N-linked glycosylation site" 
N-linked glycosylation site" 
N-linked glycosylation site" 



polyA site 



ORIGIN 



1 ggcggtcccc tgttctcccc gctcaggtgc ggcgctgtgg caggaagcca ccccctcggt 
61 cggccggtgc gcggggctgt tgcgccatcc gctccggctt tcgtaaccgc accctgggac 
121 ggcccagaga cgctccagcg cgagttcctc aaatgttttc ctgcgttgcc aggaccgtcc 
181 gccgctctga gtcatgtgcg agtgggaagt cgcactgaca ctgagccggg ccagagggag 
241 aggagccgag cgcggcgcgg ggccgaggga ctcgcagtgt gtgtagagag ccgggctcct 
301 gcggatgggg gctgcccccg gggcctgagc ccgcctgccc gcccaccgcc ccgccccgcc 
361 cctgccaccc ctgccgcccg gttcccatta gcctgtccgc ctctgcggga ccatggagtg 
421 gtagccgagg aggaagcatg ctggccgtcg gctgcgcgct gctggctgcc ctgctggccg 
481 cgccgggagc ggcgctggcc ccaaggcgct gccctgcgca ggaggtggca agaggcgtgc 
541 tgaccagtct gccaggagac agcgtgactc tgacctgccc gggggtagag ccggaagaca 
601 atgccactgt tcactgggtg ctcaggaagc cggctgcagg ctcccacccc agcagatggg 
661 ctggcatggg aaggaggctg ctgctgaggt cggtgcagct ccacgactct ggaaactatt 
721 catgctaccg ggccggccgc ccagctggga ctgtgcactt gctggtggat gttccccccg 
781 aggagcccca gctctcctgc ttccggaaga gccccctcag caatgttgtt tgtgagtggg 
841 gtcctcggag caccccatcc ctgacgacaa aggctgtgct cttggtgagg aagtttcaga 
901 acagtccggc cgaagacttc caggagccgt gccagtattc ccaggagtcc cagaagttct 
961 cctgccagtt agcagtcccg gagggagaca gctctttcta catagtgtcc atgtgcgtcg 
1021 ccagtagtgt cgggagcaag ttcagcaaaa ctcaaacctt tcagggttgt ggaatcttgc 
1081 agcctgatcc gcctgccaac atcacagtca ctgccgtggc cagaaacccc cgctggctca 
1141 gtgtcacctg gcaagacccc cactcctgga actcatcttt ctacagacta cggtttgagc 
1201 tcagatatcg ggctgaacgg tcaaagacat tcacaacatg gatggtcaag gacctccagc 
1261 atcactgtgt catccacgac gcctggagcg gcctgaggca cgtggtgcag cttcgtgccc 
1321 aggaggagtt cgggcaaggc gagtggagcg agtggagccc ggaggccatg ggcacgcctt 
1381 ggacagaatc caggagtcct ccagctgaga acgaggtgtc cacccccatg caggcactta 
1441 ctactaataa agacgatgat aatattctct tcagagattc tgcaaatgcg acaagcctcc 
1501 cagtgcaaga ttcttcttca gtaccactgc ccacattcct ggttgctgga gggagcctgg 
1561 ccttcggaac gctcctctgc attgccattg ttctgaggtt caagaagacg tggaagctgc 
1621 gggctctgaa ggaaggcaag acaagcatgc atccgccgta ctctttgggg cagctggtcc 
1681 cggagaggcc tcgacccacc ccagtgcttg ttcctctcat ctccccaccg gtgtccccca 
1741 gcagcctggg gtctgacaat acctcgagcc acaaccgacc agatgccagg gacccacgga 
1801 gcccttatga catcagcaat acagactact tcttccccag atagctggct gggtggcacc 
1861 agcagcctgg accctgtgga tgacaaaaca caaacgggct cagcaaaaga tgcttctcac 
1921. tgccatgcca gcttatctca ggggtgtgcg gcctttggct tcacggaaga gccttgcgga 
1981 aggttctacg ccaggggaaa atcagcctgc tccagctgtt cagctggttg aggtttcaaa 
2041 cctccctttc caaatgccca gcttaaaggg gttagagtga acttgggcca ctgtgaagag 
2101 aaccatatca agactctttg gacactcaca cggacactca aaagctgggc aggttggtgg 
2161 gggcctcggt gtggagaagc ggctggcagc ccacccctca acacctctgc acaagctgca 
2221 ccctcaggca ggtgggatgg atttccagcc aaagcctcct ccagccgcca tgctcctggc 
2281 ccactgcatc gtttcatctt ccaactcaaa ctcttaaaac ccaagtgccc ttagcaaatt 
2341 ctgtttttct aggcctgggg acggctttta cttaaacgcc aaggcctggg ggaagaagct 
2401 ctctcctccc tttcttccct acagttcaaa aacagctgag ggtgagtggg tgaataatac 
2461 agtatgtcag ggcctggtcg ttttcaacag aattataatt agttcctcat tagcagtttt 
2521 gcctaaatgt gaatgatgat cctaggcatt tgctgaatac agaggcaact gcattggctt 
2581 tgggttgcag gacctcaggt gagaagcaga ggaaggagag gagaggggca cagggtctct 
2641 accatcccct gtagagtggg agctgagtgg gggatcacag cctctgaaaa ccaatgttct 
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2701 ctcttctcca cctcccacaa aggagagcta 
2761 atcaaaacgg ttttactgca gctttgtttg 
2821 ataatattaa ggaagacaat gtgaaaagaa 
28 81 tggtttttaa aaaactgctg actgttttct 

2 941 gtgtcagcat agaagtaact tacttaggtg 
3001 aaaaccaagt caagtgaaaa aggaggaaga 

3 061 cccacgcact tcgggaggtc gaggcaggag 
3121 cctgggcaat gtgataaaac cccatctcta 
3181 agagtgtgcc tgaagtccca gatacttggg 
3241 ggaggtcaag gctgcagtga gccgagattg 
33 01 gcaagtgaga ccctgtctc 



gcagcaggga gggcttctgc catttctgag 
ttgtcagctg aacctgggta actagggaag 
aaatgagcct ggcaagaatg cgtttaaact 
cttgagaggg tggaatatcc aatattcgct 
tgggggaagc accataactt tgtttagccc 
gaaaaaatat tttcctgcca ggcatggagg 
gatcacttga gtccagaagt ttgagatcag 
caaaaagcat aaaaattagc caagtgtggt 
gggctgaggt gggaggatct cttgagcctg 
caccactgca ctccagcctg gggtgacaga 
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RECEPTORS FOR B CELL STIMULATORY FACTOR ? 
Quantitation, Specificity Distribution, and Regulation of Then- 
Expression 

BY TETSUYA TAGA, YQSHIKAZU XAWAN1SH1, RICHARD R. HARDY* 
TOSHIO HIRAttO, and TADAM1TSU KISHIMOTO 

From the Division of Immunology, Institute fir Moleeul&r and Cellular Biology, 
Osaka University, Osaka 56$, Japan 

a 

Several factors are involved in the regulation of growth and differentiation of § 
B cells (reviewed in 1)- In fact, B cell stimulatory factor 2 (BSF-2),' which has g 
recently been cloned (2), is a distinct cytokine of 21 kD that acts on activated » 
normal human B cells as well as EBV-transforrned B-lymphoblastoid cell lines to 
induce immunoglobulin secretion (S, 4), The study with the antipeptide antibody £ 
specific to BSF-2 demonstrated that several tumor cells, including cardiac myxo- a 
mas, produce BSF-2, and patients with such tumors show hypergammaglobufo% -i 
nemia and autoantibody producdon (5). From these earlier investigations \t *>as | 
suggested that BSF-2 has an important role in the regulation of antibody g 
production. o 

Recent reports have indicated identity between BSF-2 and other cytokines 
known as interferon fa (IFN-^ and hybridoma plasmacytoma growth factor 
(HFGF) (6, 7). Another identical molecule is also reported as a 26 kD protein 
(8) that is expressed in human fibroblast by poly (IC) in the presence of 
cyclbheximtde (9) or (IL-1) (10). These {acts suggest that BSF-2 has an important 
role not only in the immunoglobulin production of B cells but also in the 
reguJation of growth and differentiation of several other types of cells- The 
recombinant BSF-2 had no detectable antiviral activity 5 (U)» an< * nas been 
proposed that it be called lL-6 (1 1)* 

However, no information is available as to the presence of specific BSF-2 
receptors (BSF-2-R) mediating the physiological effects. The availability of highly 
purified BSF-2 produced in Escherichia ccli by recombinant DNA techniques 
enabled us to study the presence and the properties of BSF-2-R, We report here 
in this study the number and distribution of BSF-2-R. Our findings indicate that 
BSF-2-R are widely distributed in several tissues and cell lines. In contrast to 
BSF-l-R, which are found on resting B cells (1 2), our observations indicate that 
normal B cells express BSF-2-R only after activation. 

* A^brtviaians us*d in this paper: AET, $^S-amtooethyI)i»thiouronUtfn bromide; BSF-2, B cell 
stimulatory factor 2; G*CSF, granulocyte colony-stimulating (actor; MNC, mononuclear cell; SAC, 
Statohyloccocus aumu Cowan I. 

6 Hirano, T., T. Matsuda, K> Hosoi, A. Olano, B. Matsui, and T. Kishimoto. B cell stinjujatory 
factor 2 (BSF-2/IFN-02) docs not belonff W the family of interferons. Manuscript submitted for 
publication, 

J, EXP. Med. © The Rockefeller University Press . 0022.1007/87/10/0967/15 52.00 967 
Volume J 06 October 967-981 
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968 RECEPTORS FOR B CELL ST^MVJLATORY FACTOR 2 

Materials and Methods 

Lymphokijies. Recombinant BSF-2 was prepared by expressing a cDNA for BSF-2 (2) 
m E. coii, followed by Further purification. Specific activity was determined as 3,6 x 10* 
U/g by using the BSF*2-responsiv c human B lymphoblastoid cell line, 5KW6-CL4 (4). 
Human IFN^S and IFN-y were tend gifts from Toray, Co., Ltd. (Tokyo, Japan) and 
possessed specific activities of J., 3 X 10 Tl and 5-9 x 10* U/g, respectively. Recombinant 
human JL-1/? and IL-2 were supplied by Qtsuka pharmaceutical Co,, Ltd. (Toku$hima 1 
Japan), at specific activities of 2.0 x IO 16 and 5.0 x 10 10 U/g, respectively. Recombinant 
human granulocyte colony-stimulating factor (G-CSF) with a specific attivity of 2.5-10 X 
IO 1 " U/g was generously provided by Chugai Pharmaceutical Co., Ltd. (Tokyo, Japan). 

JodinatiMt J **J-BSF-2 was prepared as described by Bolton and Hunter (13) 

with some modifications, 5 Mgof recombinant BSF-2 dissolved in 10 p.1 of 0.1 M borate 
bufFer, pH 8.5. was added to 500 ad of dry Bolton and Hunter reagent (2,000 Ci/mmoJ; 
Amersham Corp., Arlington Heights, IL) and the reaction mixture was agitated for 15 
min on ice. The reaction was stopped by adding 0.5 ml of 0»2 M glycine in 0.1 M borate 
buffer, pH 8.5 , with Further mixing for 5 min on ace. 1S5 Wabeled BSF-2 was separated 

from l **l4abeled product* of low molecular mass using a gel filtration column (PD-10; o 
Pharmacia fine Chemicals, Piscataway, NJ), " 5 l-BSF-2 was diluted with RPMJ 1640, 25 a 
mM Hepes, uH 7.2, 3 mg/mi BSA, 100 ug/ml streptomycin, and 100 U/mi penicillin S" 
(binding medium), filter sterilized, and stored at 4 °C, Purity and molecular mass of ,Z5 I- & 
BSF-2 was examined by SDS-PAGE on a slab gel (10-2095 continuous gradient of ^ 
acrylamide) followed by autoradiography. 3 

Binding Assay. Usual binding assay was performed as follows: cells for assay were *© 
washed twice and incubated in binding medium for at lease 10 min at 37 9 C. 10* cells ? 
were mixed with ,a *I-BSF-2 with or without a 200-fold excess of unlabeled BSF-2 in a -I 
final volume of 70 p\ of binding medium, and incubated on ice for I 50 mm with occasional jjj 
agitation every 10-15 min. At the end of incubation, the reaction mixture was layered g 
on a 300-/d cushion of FCS in a 400-jd polypropylene tube and centrifuged at 9,000 rpm a 
for 00 3. The tube was cut just above the cell pellet, and the cell-associated radioactivity § 
was measured in a Beckman Gamma 9000 (Beet man Instruments, Fullerton, CA), The Sr 
specific binding was calculated after subtracting the count of the samples wjth 200-fold | 
excess unlabeled BSF-2 (nonspecific bound count). ^ 

Determination of Specific Radioactivity of l **I-£$JF-2, Maximal binding capacity was £J 
measured according to a described method (14). Briefly, varying numbers of EBV- io 
transformed B-LCL, CESS cells were mixed with 9,300 cpm of lz *I-BSF-2 with or without g 
a 200-fold excess of unlabeled BSF-2 in a final volume of 70 of binding medium. G 
Reaction mixtures were incubated on ice for 150 min with frequent agitation every 10- 
15 min, Specific binding was calculated as indicated above and data were plotted as 
reciprocal radioactivity specifically bound versus reciprocal cell number. From the ordi- 
nate intercept of a regression line of the plots, maximal binding capacity at infinite cell 
number was determined. 

Self-displacement analysis was performed according to Calvo et al. (14). 10 s CESS cells 
were mixed with 9,300 cpm of ,A I-BSF-2 and increasing amounts of unlabeled BSF-2 or 
lsa I-BSF-2 were added in a total volume of 70 u\ of binding medium. At the end of 150 
min of incubation on ice* the cells were separated by centrifugation on FCS, and cell- 
associated radioactivity was measured. Data were transformed into a bound/free ratio 
and plotted against logio(amoum of unlabeled BSF-2 [in nanograms]) or logiofamount of 
7U& I-BSF-2 [counts per minute}). Two regression lines were drawn and the specific 
radioactivity was determined as the amount of radioactivity divided by the amount of 
unlabeled BSF-2 added to obtain the same hound/free ratio. 

Hunan Celt Lines. SK-NfG-4 and 5K-N-MC were kindly provided by Dr. R. Ueda, 
Aichi Cancer Institute, Nagoya, Japan, Daudi, HSB, CEM, Jurkat* and U9J7 were 
provided by Dr. P. Ralph, Memorial Sloan-Ktttering Cancer Center, New York, Reh and 
KM-S were provided by K, Kiluichi, Sapporo Medical Goltare, Sapporo, Japan- HL60 and 
U373 were obtained from the American Type Culture Coflecrion, RockviUe, MD. BL4l 
and BL4I/45 were from Dr. C. Klein (Karolinska Institute), Louck*? and EBNA2- 
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200 — 
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46 _ FIGURE 1. Autoradiogreph of ,ES I-BSF-2 analyzed by SDS-PAGE. 

Recombinant B3F-2 was iodinated and an aliquot was applied on 
polyacrylamW e gel with a continuous gradient of 1 0-SO% acrylajnidc, 
The molecular mass (MD) oF protein standards Arc also indicated. 
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transfected Loucke* cells were from Dr. E, Kieff (University of Chicago, Chicago, IL). 
EBV-ti-wirfornied B cell lines 5KW6-CL4, LCL1 3, and LCL14 were described elsewhere 
(2, 15), All human cell fines except US73 were maintained in RPMI 1640, 10% FCS, 5 X 
1 0"" 5 M 2-ME, 100 U/mJ penicillin, 100 fig/ml streptomycin. U373 was cultured in MEM, g 
10% FCS, 100 fig/tft) sodium pyruvate, and nonessential amino acid mixture (Gibco, 3 
Grand Island, NY). All were cultured at 37 °C, in humidified b% CO* in air. g 
Normal Human T and B Cells* Human T and B cells were prepared as follows. Tonsillar <a 
cells were dispersed on a plastic dish and mononuclear cells (MNC) were isolated by § 
centrirugalion on Ficoll-paque (Pharmacia Fine Chemicals), T cells were prepared from 
MNC by two sequential roseuings with 5-(2naminoethyl)isothiouronium bromide (AET> 

trcated SRBC. B cells were isolated from MNC by AET-treated SRBC-roserting i^ice, % 
and rosettc-rtegative cell* were further treated with anti-CDS (kindly provided by Dr. E. jg 
L» Clark) and rabbit complement to eliminate possible contaminating T cells* The purity " M 
of T and B cells were examined by FACS analysts. T and B cells were cultured in the = 
same medium described above for most of the cett lines at a density of 2 X I0 fl /ml. PWM ° 
(Sigma Chemical Co., St Louis, MO), 2.5 Kg/ml final concentration; PHA (Sigma 
Chemical Co,), 0 J % wt/vol, final concentration; and Staphylococcus aureus Cowan I (SAC) 
from Bcthesda Research Laboratories, Gaithersburg, MD f 0,003% (vol/vol), final concen- 
tration, were used as stimulants. Size fractionation of B and T cells was performed by 
Percoll (Pharmacia Fine Chemicals) discontinuous gradient centrifugation. Large cells 
were separated from the interface between 40 and 50% Percoll, and smalt cells were from 
the interface between 55 and 70% after centrifugation at 3,500 rpm for 25 rmn at 4*C. 

Results 

Kinetics of Binding of l **I-BSF^2. Recombinant BSF-2 was radiolabeled with 
m l as described iri Materials and Methods, and radioiodinated BSF-2 was 
analyzed by SDS-PAGE. Autoradiography showed only one major band, with an 
M r of 21 ,000 (Fig. 1 ). Tbi» preparation was used for the analysis of BSFv2-R. 

The EBV-transformed B-LCL, CESS, which is known to be responsive to BSF- 
2 (16), was used for the initial binding studies. As shown in Fig. 2, the binding 
of BSF-2 at 0°C achieved a steady-state level within 150 min. Maximum binding 
at 37° C was about one-half that observed at 0°C. The addition of 0-02% sodium 
azide could keep the binding stable at 37* C, but could not increase the maximum 
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Figure 5J, Kinetics of ,l *l-B5F-2 bind- 
ing to CES3 cdla, 10* CESS cells in 70 
j*l binding medium with J 1 ,000 cpm 125 I- 
in the presence or absence of 200- 
Arfd excess unlabeled BSF-2 were incu- 
bated for the indicated times at 0*C or 
$7*0 with or without 9.0?% aodium 
aiidc. Data represent the mean specific 
binding of duplicate samples with the 
deviauoa usually <B55. 



20£T 




Figure 3, Determination of the maximal binding ca- 
pacity and specific radioactivity of lw J-BSF-2. (A) 9,500 
com of ,a5 I-BSF-2 was incubated for 1J>0 min with five 
different concentrations of CE$$ ceDs (Up to 5 X \Q?) la 
the presence or absence of 200-fold excess amount of 
unlabeled BSF-2. Data (average* of duplicates) are plotted 
as reciprocal Specific binding versus reciprocal cell* 
added. The ordinate intercept of the regression line 
means the reciprocal counts that would bind at infinite 
number of Cells (maximal binding capacity}. (B) Self- 
displacement analysis is performed as described in Mate- 
rial* and M cfchods. 9,SOO com of ,M I*BSF-2 and mcrcasing- 
amount* of unlabeled 6SF-5? (up to 1.3 ng) or lts l-BSF-2 
(up to 80,000 cpm) were incubated with 1 0 6 CESS cells. 
The mean specific binding of duplicates is plotted as a 
bound/free ratio (corrected for maxima] binding capac- 
ity). The spedflc radioactivity is determined as mentioned 
in the text. 



s. 



i 

3 



2 



-itr 



^i-esre added fcpm x uT 1 ) . (•) 



binding. In addition, the level of the nonspecific binding; of 12 °I-BSF-2 at 37°C 
in the presence of 200-fold excess unlabeled BSF-2 was twofold as high as that 
at 0*C (data not shown). Therefore, the standard experimental condition of 150 
min incubation at 0°C, was used through the study. 

Dtferminatwn of Specific Radioactivity of™t-B$F-2. To determine how much 
of the total radiolabeled BSF-2 was bindable to CESS, we used a graphic method 
presented previously (14). As briefly described in Materials and Methods, increas- 
ing numbers of CESS cells were incubated with a constant amount of ,Si5 I-BSF-2 
in a final volume of 70 uL Nonspecific binding of 125 I-BSF-2 was measured by 
the addition of 200-fold excess of unlabeled BSF-2. Fig, SA shows the regression 
line of the plot of reciprocal specific binding versus reciprocal cell number. From 
its ordinate intercept, the maximal binding capadty at the infinite cell number 
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Figure 4. Competition for the binding of 
,tt i-ESF-2 by unlabeled BSF-2 and other lym- 
phoWi)« to CESS celk. 10* CESS cells and 5.> 
x 10"*" tdoI of ,M I-BSF-2 are incubated in 1Q 
/tl binding medium on ice for 150 oain with 
indicated amount of JywphoWrtes. Data are 
mean of duplicate samples. 



urtbefed leond (mole) 



was calculated to be 82,6% of the total radioactivity. This means only 17.4% of 
the initial &SF-2 lost its binding ability during radioiodination. 

The specific radioactivity of lte I-B5F-2 was determined by self-displacement 
analysis (14). Details are described in Materials and Methods. Fig. SB shows two 
regression lines of bound/free rauo versus additional amount of unlabeled BSF- 
2 or additional 14 *I-BSF-2 to a constant set of initial 125 I-BSF-2 and CESS cells. 
The identical slope of the two lines indicates that there was no significant 
difference in binding affinity between unlabeled BSF-2 and I2S I-BSF~2 to its 
receptors. The results indicate that 2.89 X 10* cprn of iaB I-BSF-2 was equivalent 
to 0,386 ng of BSF-2 in the meaning of the induction of the same bound/free 
ratio of 0. 1 5, thus the calculated specific radioactivity (corrected for the maximal 
binding capacity) of ,;ra I-BSF-2 was 6.16 X 10 ,s cpm/g. 

Specificity of } 6$ I-B&F-2 Binding on CESS CetU. The ability of unlabeled BSF-2 
and other cytokines to compete with 125 I-BSF-2 for binding sites on CE55 cells 
is shown in Fig. 4. Unlabeled BSF-2 inhibited the binding of m I~BSF-2 in a dose- 
dependent manner. As much as 96.5% of the total radioactivity of 1S5 I-BSF-2 
bound to CESS without competitor was inhibited by 560-fold excess unlabeled 
BSF-2, No significant competition was observed with any other cytokines, such 
as 1FN-0, IFN-7, IL-lft IL-2, and G-CSF. Previous studies had shown sequence 
homology between BSF-2, G-C5F (2), and IFN-0 (1 7). However, large excess of 
O-CSF or IFN-0 could not inhibit the binding of ,55 l-BSF-2 to CESS, indicating 
that BSF-2, IFN-0, and G-CSF are using different receptors. 

Scatchard Plot Analysis of Binding of l ™I-B$F-2< The specific binding of 125 1- 
BSF-2 to CESS cells as a flinction of the concentration of 12 *I-BSF-2 is shown in 
Fig, 6 A. lW I-B$F-2 bound to CESS in a saturable manner. Analysis of the binding 
data by the method of Scatchard (18) revealed only one linear regression line, 
indicating that there was a single set of binding sites on CESS (Fig. 5J5). The 
negative inverse of the regression coefficient gave a dissociation constant of a. 4 
x lb~ lft Vi and the abscissa intercept provided a number of 2*700 binding sites 
perceU. 

BSF-2-R on Human Cell Lines. Scatchard analyses were carried out on various 
human cell lines and are summarized in Table I. All the analyzed EBV-trans- 
formed B ceil lines had BSF-2-R with an affinity of 2,0-4.0 X IO -10 M. The 
number of receptors on B-LCL was in the range of 200-2*700 per celt In 
contrast, none of the Burkttt*$ lymphoma cell lines were Found to express any 



! 
I 

<3 



8. Feb. 2010 14:46 



SEIWA PATENT&L AW 81-3-5470-191 



NO, 0702 P. 10/32 



Published October 1. 1987 



972 



RECEPTORS FOR B CELL STIMULATORY FACTOR 2 




FrcuRE 5. (A) Specific binding of ,a5 *-»5M to EBV- 
tranfifortnvd B cell lint CE5S. (fl) Scatchard plot of ihc 
same data. The average of the duplicate h sliovri- 



1 3 
BSF3 bound (motocufe/cflll x l£T a J 

detectable number of receptors The infection of EBV into EBV" Burkitt's cells 
(BL41) or the transfection of EBNA2 into Burkixt*! Cells (Louckes) (19) did not 
induce any expression of the BSF-2-R. The plasma cell lines ARH-77 and U266 
displayed 120 and 1 1,000 receptors per cell, respectively, with affinities of L5 
X 1 0" ;o and 2.5 X 1 0" to M. Four T ceil lines tested had no BSF-2-R. 

BSF-2-R levels equivalent to CESS cells were detectable on histiocytic leukemia 
cell line U937 and promyelocytic leukemia HL{>0, whereas the receptor number 
on astrocytoma US 78 and glioblastoma SK-MG-4 was in the low detectable 
range. Several other hematopoietic cell lines, such as a non-T, non»B line, KM3 
and Reh, did not express any receptors. 

BSF-2-R on Normal Lymphocytes, Normal human T and B cells were purified 
from tonsillar mononuclear celb and examined for the expression of BSF-2-R. 
Fig. 6 shows specific binding of J46 I-BSF«2 to human T cells and its Scatchard 
analysis. The results showed that resting T cells expressed BSF-2-R with a 
homogeneous affinity. The binding sites per ceU were around 300 and the 
affinity was 1.4 X I0~ ia M, Upon stimulation of T cells for 3 d with 0.1% PHA 
or 0.003% (vol/vol) SAC + 2.5 Mff/ml PWM, the level of binding sites remained 
constant or were slightly decreased. Activated large T cells displayed fewer 
receptors than the smaller ones. These results, summarized in Table 11, are in 
contrast to the fact that four human T cell lines examined had no significant 
number of BSF-2-R (Table iy 

In a marked contrast, freshly prepared resting human B cells displayed no 
detectable BSF-2-R in the absence of stimulation {tonsils 1, 2, and 3 in Table II, 
lower half). The level of receptor number increased upon activation of B cells 
with 0.00396 SAC for 1, 2, Or 3 d (tonsils 3. 4, and 6). The result obtained with 
B cells from the tonsil of individual 3 showed that B cells without any detectable 
B5F-2-R before stimulation were induced to express the receptors after 3 d of 
culture with SAC, but not with medium alone. Another result with tonsillar B 
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Ceil line 


Cell type 


Sites per 

ten 












CESS 


EBV-B 


2,700 


M 


SKW5-CL4 


EBV-B 


210 


2,0 


LCU9 


EBV-B 


910 




LCLI4 


EBV-B 


410 


3.9 


BL29 


Blirfcitt'j 


NS* 




BL96 


Burkta'i 


NS 




hlAi 


B^rkin's 


NS 






Burkift'* (EBV-infccted) 


NS 




Daudi 


Burkitt's 


NS 




Raji 


Burkitt's 


NS 








NS 




Laiic*£*/EBNA2 


Burtitt's (EBNA2-transfe«ed) 


NS 




ARH-77 


Plasma cell 


ISO 


1.5 


U266 


Plasma ceil 


1 1,000 


2.5 


CEM 


T 


NS 




HSB 


T 


NS 




Jurkat 


T 


NS 




OM1 


T 


NS 




KMS 


Non-T nort-B 


NS 




Reh 


Non-T non-B 


NS 




U937 


Histiocytoma 


2,800 


S.3 


HL60 


Promyelocyte leukemia 


3,600 




U373 


Astrocytoma 


170 


),9 


T24 


Bladder carcinoma 


NS 






Glioblastoma 


150 






Neuroblastoma 


NS 





Cell* were analyzed by lAaual binding- assay (sec Materials artd Methods) 
and a 5catchard plot. At least four different <tosa of ll6 I-BSF-9 were used. 
The averages of duplicate determinations were taken for analysis. BMl/95 
(27) is an EBV infected cell line originated from a Burkitt's lymphoma cell line, 
BIAU 
*Notjdgnif»cam (00). 

cells from individual 4 demonstrated that activated larger B cells on day 1 of 
stimulation with SAG expressed -GOO binding sites per cell with a K d of 4-2 X 
1 0" 10 M T whereas smaller B cells displayed barely detectable number of receptors 
(120 receptors), thai was similar to the number before stimulation (see also Fig. 
7). The result with the tonsil of individual 5 also demonstrated that freshly 
prepared large B cells which could be considered in vivo-activated cells, ex- 
pressed a small but substantial number of BSF-2-R. Freshly prepared small 
resting B cells devoid of BSF-2-R (tonsil 6) were shown to express BSF-2-R after 
activation for 5? d with SAC» compared to unstimulated controls. The above 
results indicate that BSF-2-H are expressed constitutively on resting T cells, but 
are inducible on B cells. 

FACS Analysis of Normal T Cells and B Cells. To know the purity oFT cells 
and B cells prepared from tonsillar mononuclear cells, cells were stained with 
fluoresccin-conjugated anti*CD3 or anti~CD20 and examined by FACS, The T 
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a g « Figure 6. (A) Specific binding of ,t3 l-B5F-2 to nor- 

1m i-bsfs x iff*> "»| human T cells. (B) A Scatchard plot of the data 

m A. Data represent the mean of the duplicate. 




1 z 



I 



cell fraction used in these studies contained >969S T cells and the B cell fraction 
consisted practically of 100% B cells (data not shown). To demonstrate that B5F- 
2-R were expressed mainly on the final maturation stage of B cells, large and 

small B ceJI fractions were stained with anri-Ba and anti-IgD antibodies (20). As g 
shown in Fig, fi, a large B cell fraction, which expressed BSF-2-R, consisted Z 
mainly of R% ++ /XgD~ or Ba^/IgD" cells, while large portion of smaller B cell § 
fraction was IgD"*". ^ 



a 



Discussion § 
Cloning of the cDNA for BSF-2 (2) enabled us to obtain highly purified BSF- 
2 protein generated in E. col\ by recombinant DNA technology and has made it 
possible to study receptors for BSF-2. We have found that an efficient radioio- 
dination of BSF-2 without hindering its binding ability can be achieved with the 
use of the Bolton and Hunter reagent. Jn fact, 85% of the iodinated BSF-2 
retained its biding ability, with a specific radioactivity of 6.16 x 10 iS cpm/g 
(Fig, 3), This material has allowed us to analyze the binding properties of BSF-2 
and to detect the presence of very low number of receptors per cell. In fact, the 
identical slope of the two regression lines obtained by the addition of excess m I- 
labeled or unlabeled BSF-2 (Fig. 35) indicates that there was no significant 
difference in the binding affinity between labeled and unlabeled BSF-2 to ics 
receptor. Native BSF-2 purified from a bladder carcinoma line, T24 (21), also 
gave a regression line parallel to those in Fig. 3B (data not shown). The molecular 
mass shown in Fig. 1 agrees well with the one of native BSF-2 shown by a 
previous study (5). Because the binding property of recombinant BSF-2 does not 
seem to be different from native BSF-2, it seems that glycosylation does not play 
a critical role in the binding of this cytokine to its receptor. 
The kinetic study has demonstrated that binding oF I2 *I-BSF-2 to CESS cells 
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Characteristics of BSF-2-R m Normal Human T Cells and B Cells 

Cell 
type 



T cells 



Tissue 

from 
subject: 


Cell site* 


Stimulant 


Culture 
duration 


Sites pet- 
Cell* 


K a 








i 




xl(T ,0 M 


1 






0 


290 


1.4 


1 


Large 


0.196 PHA 


3 


£20 




1 


Small 


0,1% PHA 


3 


310 


1*6 


2 






0 


310 


2.0 


2 


Large 


0,1% PHA 


9 


ISO 


1.6 


2 


Small 


0.1% PHA 


3 


230 


1J 


3 






0 


350 


1.4 


4 






0 


990 


2.1 


4 




FWM + SAC 


3 


270 


s.e 


I 






0 


N5 




2 






0 


NS 




3 






0 


NS' 




3 




Medium alone 


3 


NS 


—2 


3 




0.003% SAC 


3 


80 


3.0 


4 






0 


70 


4.5 


4 


Urge 


o.ooara sac 


1 


370 


4.8 


4 


Small 


0,003% SAC 


X 


ISO 


5.0 


5 


Large 




0 


87 


4.2 




Small 




0 


N5 




6 


Small 




0 


N5 




6 


Un fractionated* 




2 


NS 






Un fractions ted' 


0.003$ SAC 


2 


230 


3-3 



B cells I — * — 0 NS — S 

I 
1 

3 
2 



S 

T cells and B Cells were separated from Wnwls of six individuals (numbered 1-6) and ^ 
cultured with 0.1% PHA or 2.5 pg/ml PWM + 0,003% SAC (T cells), or 0.003% .8 
SAC or medium alone (B cells) at an initial density of 2 x 1 0" cells/ml for the indicated m 
duration. In come eases, «Hs were fractionated by size. Scaicbafd analyses were -»■ 
performed (see legend of Tabid). ° 

* — , u n fractionated - 

* NS, not significant (<30). 

f Freshly prepared small B cells with t>o detectable number of BSP-2-R were* cultured 
in the absence of size-Frattiortation on the day of assay. 

was saturated in 150 min at 0°C. In comparison, at 37 °C the saturation was 
achieved in 60 min but the maximum level of binding was half that found at 
0 6 C. This level was almost the same in the presence of 0.02% sodium &2ide at 
37 °C, although the maximum level was more stable than without sodium azide. 
Unlike other cytokines (22, 23), the binding property of BSF-2 to its receptor 
has a certain peculiarity, in that the level of binding at 0 A C is higher than that 
at 37°C. In any case, as the nonspecific binding at 0°C was much lower than 
that at 37 °C, the assay at 0 *C provided a suitable condition for the measurement 
of BSF-2-R. 

We have previously mentioned that the primary structure of B5F-2 has some 
homology at the NH-rtermina) region with G-CSF (2), and that the organization 
of the genomic genes for BSF-2 and G-CSF, both of which had five exons and 
four introns, are almost identical (24). Although it has been suggested that some 
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Figure 7, {A) Specific binding of '* 3 I-B5F-2 to nor- 
mal B cells, B cells were purified from tonsillar month 
nuclear ceJto and cultured with 0.003% SAC for 1 d 
and fraction axed into large (closed trjangUs) and srrwall 
{dosed sqvam) cells by centrifugation on discontin- 
uous gradient of PcrcoJI, Unstimulated oonfractton- 
ated 5 cells (of** tircles) arc also used for bmdjng 
assay, £B) Scatchard plots of the same data. 
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§ 
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8 



IgD/ceB 

Figure 8* Two-color FACS analysis of tonsillar D cells stained with anti-Ba And antMgD. 
Freshly prepared tonsillar B cells {un fractionated, a; large, h; and spiaU, *) were stained with 
FITC-antMgD and biotinated ant^Ba, and developed with Texas Red-avidin.. The expression 
of Ba and Igp on cells were analyzed by FACS 440. 



similarity exists between BSF-2 and IFN-0 in the COOH-terminal portion (17), 
the present study clearly demonstrates that BSF-2 receptors can only bind BSF- 
2, not other cytokines such as lFN-£ and G-CSF. 

The presence of high- and low-affinity receptors for and several other 
growth factors has been demonstrated (25, 26), From the binding profile and 
the Scatchard analysis (Fig. 5), only a single class of BSF-2 receptors was detected 
on CESS cells numbering 2,700 and having a dissociation constant of 3.4 X 1CT 10 
M> Several cell lines possessed BSF-2-R with similar dissociation constants in the 
range of L3-6-4 X 10""'° M (Table 1). Because 1.2 X 1 CT d M BSF-2 was used at 
the maximum concentrations in these binding studies, the existence of another 
class of receptors with much lower affinity could not be completely excluded* 
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The number of receptors was found tQ vary in the cell lines tested, ranging from 
1 20 to 1 1 ,000. Considering the requirement of a very low amount (*-lCT" mol) 
of BSF-2 for the induction of 50% maximum response of SKW6-CL4 (10,000 
cells in 200 medium), which expressed only 210 receptors, partial occupancy 
of low numbers of BSF-2-R expressed on EBV-transformed B cells may be 
sufficient to be functional* Therefore, the presence of a large number of 
receptors might not be necessary for BSF-2 signal transduction, as observed in 
1L-1 stimulation (27). 

It is noteworthy that B5F-2-R were expressed on all EBV-transformed B ceJJ 
lines examined, here but not on any Burkitt's lines (Table I). Two possible 
explanations could be given: (a) EBV induces B cells to express B5F-2-R; or (&) 
EBV can cause the arrest of B cells at a specific stage of growth or differentiation 
in which BSF-2-R could be expressed. The results shown in Table I using two 
sets of two different variants of the Burkitt's lines, BL41 or Louckes* showed S? 
that these lines did not express detectable BSF-2-R even after EBV infection or = 
EBNA2 transaction. EBV-infected BL41/95 has been reported to express lym- | 
phoblastoid cell associated antigens* whereas BW1 did not (28), and we also ^ 
observed BL4I/95 making clumps in culture, a typical characteristic of EBV- 1 
infected B cells. This also shows a marked contrast to the expression of a B cell- «' 
specific differentiation antigen, CD28 (Fee receptor), the expression of which ^ 
could be inducible by the transfection of EBNA2 (19). This result implies that ^ 
the former of the two possible explanations described above is probably not » 
correct, but further study is required to draw any firm conclusions on the <§ 
mechanism of the regulation of BSF-2-R expression. 3 
Not only EBV-transformcd B cell lines but also various other human cell lines I* 
expressed B5F-2-R* Among them* it should be noted that human plasma cell J 
lines, ARH-77 and U2 66, expressed BSF-2-R, since several investigators reported g 
that BSF-2 could function as a plasmacytoma growth factor in a murine system w 
(7 , 29)* In a preliminary study, recombinant BSF-2 could induce the proliferation 3 
of myeloma cells freshly prepared from a patient with myeloma (our unpublished 
data). Besides B cell lines and plasma cell lines, the histiocytic line U937, the 
promyelocyte line HL60, the astrocytoma line and the glioblastoma line 

SK-MG-4 displayed BSF-2-R, The finding rhat BSF-2-R are expressed on cell 
lines of different types is in agreement with the wide range of target cells for 
BSF-2 (4, 6, 30 4 31). Further study should clarify the function of BSF-2 on those 
receptor-positive cells. It is interesting to note that in the four cell lines described 
above, including an astrocytoma and a glioblastoma fine, BSF-2-R were expressed 
and BSF-2 itself was inducible after stimulation with 1L-1 or TPA (24 and our 
unpublished data)> whereas a neuroblastoma line neither expressed BSF-2-R nor 
produced BSF-2. These results may suggest the presence of an autocrine mech- 
anism in BSF-5-induced differentiation or growth of various cells. 

One of the interesting findings was the expression of BSF-2-R on resting T 
cells. The situation is similar with BSF-1 (1L-4), which can act on T cells to 
induce their proliferation (32). Fewer BSF-2-R were detected on large T cells 
compared to small-size T cell fractions (Table II), This might explain the lack in 
BSF-2-R on the T cell lines examined, as seen in Table 1, The role of BSF-2 on 
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normal T cells is, as yet, unknown. But preliminary studies suggesL that BSF-2 
could induce IL-2-R expression on certain T cell lines (33). 

Recent studies on receptors for cytokines such as IL-1 , IL-2, B5F-I, and TNF 
(12, 34, 35, 36) demonstrated that cytokines do not have strict target cell 
specificity. The present studies show that BSF-2 is no exception- In such a 
situation, studies on the regulation of the expression of both cytokines and 
receptors are essential for the elucidation of the biological role of these molecules. 
Normal human B cells usually do not express a significant number of receptors 
for BSF-2 before activation (Table II), Upon activation with SAC they were 
observed to express 80^570 BSF-2 receptors per cell, with a of 4^5 x 10" 10 
M. This smaller number of the receptors may be due to a smaller proportion of 
receptor-positive cells among total B cells. Large B cells after I d stimulation 
with SAC displayed more receptors than smaller ones. As shown in Table II , 
even before stimulation In vitro, large B cells freshly prepared from a tonsil gj 
expressed 87 receptors per cell with a similar to other cases, whereas smaller |[ 
B cells did not. This means normal B cells can express BSF-2-R when they arc g 
activated in vivo. As reported previously (2D), by using anri-Ba (a monoclonal g. 
antibody that recognizes activated B cells) and anti-IgD, tonsillar B cells were g" 
separated into four subpopulations with regard to their activation stage; J. 
BT/fffD* Ba + /IgD+ Ba + VlgO" and Ba'/IgD^ As shown in Fig. 8, more than i 
half of ihe freshly prepared large B cells were Ba ++ /IgD" and most cells were | 
IgD". This phenotype of B cell is known to be at the final maturation stage and | 
ready to produce immunoglobulin (3 7). These results suggest that normal B cells g 
become ready to respond to BSF-2 by expressing receptors only when they are o 
activated. This is in contrast to the BSF^l-R, which are reported to exist on jl 
resting B cells (12, 38; 39). The difference between the mode of the expression c 
of B5F-I- and BSF-2-R fits the functional difference between J3SF-I and BSF-2 J8 
on B cells; the former acts mainly on resting B cells to lead to proliferation in j» 
the presence of anti-IgM, and the latter acts on activated B cells to secrete S 
immunoglobulin (4, 40), It is not necessary for normal B cells to have constitutive . 3 

expression of the BSF-2-R, but only theft transient expression might be sufficient 
to drive the cells to a final stage of differentiation. 

Summary 

B cell stimulatory factor 2 receptors (BSF-2-R) were studied using radioiodi- 
nated recombinant BSF-2 with a specific activity of 6.16 X 10 15i cpra/g. Kinetic 
studies showed that binding of ias I-BSF-2 to CESS cells reached maximum level 
within 150 min at 0°C There was a single class of receptors with high affinity 
(Ka 3.4 x 10" 30 M) on CESS, and the number of receptors was 2,700 per cell. 
Binding of J2S I-BSF-2 to CESS was competitively inhibited by unlabeled BSF-2 
but not by IL-1, 1L-2, IFN-& iFN-y, and G-CSF, indicating the presence of the 
receptors specific for B$F-2- EBV-transformed B lymphoblastoid cell lines (CESS, 
SKW6-CL4, LCL13, and LCL14) expressed BSF-2-R, whereas Burkitt's lines 
did not. EBV or EBNA2 did not induce the expression of the receptors on 
Burkiti's cells. The plasma cell lines (ARH-77 and U266) expressed BSF-2-R, 
fitting the function of BSF-2 as plasma cell growth factor. Several other cell Knes, 
the histiocytic line U937, the promyelocyte line HL60, the astrocytoma line 
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U873 and the glioblastoma line SK-MG-4, in which BSF-2 was inducible with 
IL~1 or TFA, displayed BSF-2-R vith K A in the range of 1,3-6.4 X 10" 10 M, 
suggesting the autocrine mechanism in BSF-2 function. The four T cell lines 
(CEM, HSB> Jurkat, and OM1) did not express a detectable number of receptors, 
but normal resting T cells expressed 100-1,000 receptors per cell. BSF-2-R were 
not present on normal resting B cells but expressed on activated B cells with a 
JC d of 3.6-5.0 X i(T i0 M, fitting the function of BSF-2, which acts on B celJs at 
the final maturation stage to induce immunoglobulin production. 

We thank Dr. E. L. Barsumian for review of the manuscript and Ms. X. Kubota* J. Mori, 
and M. Kawata for their excellent secretarial assistance- 
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ciurn measurements support this view (10). 

Id normal cells, both the 5R and Na 4 "- 
Ca 2+ exchange will contribute to relation 
by removing Ca 5+ from the cyrjosoL How- 
ever, the N^-Ca 2 "*" will be effective only 
when membrane potential (E m ) is negative 
to the Ka + -Ca 2+ exchange reversal potential 
(B^y). Owing to the inferred voitacc depen- 
dence of Nn^-Cn** exchange, Cs?* extru- 
sion increases as becomes increasingly 
negative to E^. Thus, during a. single 
twitch the trajectory of* the quantity 
£ m ~ will determine both the onset 
and variation of Oa 2 "*" efflux with time. 

The foregoing facts Will have Important 
consequences for the regulation of contract- 
rion jn heart muscle. If Ca 2+ extrusion is 
abruprJy delayed or reduced by prolonged 
rnertibrArte depolarization (for example, a 
prolonged action potential in which E m 
spends" less time ' negative ro -EWy), rhc SR. 
could sequester normally removed by 
che exchanger. Alternatively, accumulation 
of internal Na* as a result of glycoside 
applications' would coljapse E m - ;£7 ftv , 
thereby reducing Ca 2+ extrusion via the 
exchanger, with resulting increases in the 
SR Ca** pool. This enlarged SK Ca 2 " 1 " store 
would presumably strengthen the subse- 
quent contraction,' In contrast; a brief depo- 
larization (for example, shortened action 
potential) would have the opposite effeoQ 
Thus* the crajectoty of E m ^ v ean regu- 
late competition between the SR and Na + « 
Ca i+ exchange for cyrosotfc Ca 2+ . This sug- 
gests voJtHM-dependent control of sated- 
Icmmal "Car* extrusion via .Na*-Ca z * ex- 
change can provide an effective and delicate 
mechanism for regulating the 5R Ca 2+ 
available for contraction^ 



REFERENCES And notes 

L A. Weber =n4 Hwa, J. Cm. PhyM* 52, 750 
(1969); L Bbney, H. Thcana, J. Mufc, A, Hender- 
son, Cfnr. Jfo*. 43, 520 (107S). 

2. <?. Medwnfft £■ JtaMKan, J, LaDinc, Biopkys.J. Si, 

3. A, Fabiatt aod 3. Fabiito, J. flhyifo/. fXw*t> 349. 
469 (1?75). 

4. H. Jundc H. Borag, H. Rcuttr, J. W. Stncfci, ^ 

5. M, Rcmfct, K. C* Mongo, G. Vassore, S_ Vmtuiar 
Ckp^iyiu^sw^*'*. 379, 359 (1979). 

6. R- A. Oiapnw »o4 <X C, Rodrig©,/ fit?. PAwtbL 
70,W(19BS)- 

7. A. Fabwto and F. JMwttoJ, P^rfo/, fPbWy 75, 463 
(1979). 

8. B. W. Steadoian, K. B. Mow*, K. W. Spicw, J. H. 
B. Bridge, lEEti Iran* Biomed. By. 35, 264 
(WW). 

9. P. A. Ejsjia; «x4 M, Vakicolmilloa, J. Physbl. 
(Laden) 364, 313 <19S5), 

10. L. Baxccnas-Bjiu, D. J. Beudsfilmann, W. G. Witr, 

11- Supported by NTH grants HL31140 and WL342W 
andby awwdsfrom die American Heart AMoriarion 

(TJtab affiliate), the Nora Secies Twa^wdl Found* 
don, and the Richard A. and Not* EccJcs Harrison 
Fund for Cardiovascular Keswch, 



Cloning and Expression of the Human InterIeukin-6 
(BSF-2/TFNfi 2) Receptor 

KATSUHIKO YAMASAJfJ, TstSXTYA Taga, YUTJICHI HlfcATA, 

Hideo Yawata, YosbuCKAZtj Kawani&hj, Brian? Seed, 
Tadatsugu Tanxgtcbcx, Toshio Hirano> Xadamitsu- Kishimoxo 

Itttetlenkin-6 (IL-6VBSj?-2/JFNp 2) is a miiltUJioedonal cytokine that regulates the 
growth and difirrcntiation of various tissues, and is known particularly for its role in 
the immune response and acute phase reactions, A complemenmiy UNA, encoding the 
human receptor (HXS-R) has now been ^ojated. The ILr6-Jt consists of 468 
amino atids 4 including a signal peptide of —19 amino acids and a domain of -90 
amino adds that i* similar to a domain in the immunoglobulin (Ig) superfamily. The 
cvtoplaamic domain of —82 annno adds lacks a tyixjsine/jfcjnase domain, unlike other 
growth factor receptors. 
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CEXi SKIMXirUfrO-RY FACTO Br-2 

was originally identtfed as a 
Tcell-derived factor that causes the 
terminal maturation of activated B celts to 
I^producing cells (J). After me cDNAs 
were cloocd, BSF-i was found tp he identi- 
cal to the 26-kD protcin v IFN-p 2, myelo- 
ma-pIssinacyTOma growth fector and hepa- 
tocytc stimulating factor (-2HS)/ It. is cstah- 
Ushcd that BSJF-2, now called IL-6, has 



many biological functions^ which include 
growth and differentiation activities on & 
cells (i, 2, 7) t T cells myeloma-plasnia- 
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1» Flow cytofiuoro- 
itietry analysis of COP 
Cells transacted wish 
pBSF2K,236 DNA- 
Left panel: murine COP 
cells (24) iflanafixted 
>vithpBSF2R_236;PNA 

) or CDMS vector 
DNA (- - v) were stained 
with B-rlL-o' and. 
FITC-A as described 
(13), Kigfat panel; 003? 
teUv txaasfected with 
pB5FZR^36 DNA 
were stained wirh ~10 
ng of B-rIL-6 and 
HTCA 
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Relative fiuorcaoance inlAnAtty 
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FfO. 2. Scatchard plot analysis of the IL-6-H 
encoded by the insert cDNA Of pB'SF28. k 236, as 
well as the IL-6-Il expressed on U266 cells. The 
Jh-6~& negalive human T cell Jinc, Jurkat, wa$ 
transfceted win? p^ipNeoSVB2lR. [ccflS£ruet«| 
by inaodudng tbe insert cDNA at pB«F2jR,Jt36 
at the Bam HI size of pZipNeo$V(X) 1 (25)] and 
teansfcetant (JB5F2R) was cloned. The IL-tf 
binding was assayed in bom t)266 (A) JBSF2R 
(B) as described (U), with ^I-Ubeled rIL-6 
(specuic acoyiiy of 6A X eppj/g). JC* ? 
= 9-S ± 2.1 pM, iCc = 740 ^ 170 pM = 
3000 A 480 sites per ccH, ■ 24,000 ± 1400 
«lte* per cell; JBSF2R, JCi, = 1? * 14 pAf, iQ 2 - 
710* 110pW,i? I =240± 190 sites perceB,^ 
= 12,000 ± 6B0 sites per cell. 
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cytomas (4 t 5, £), hcpiiocyrw (tf), hemato- 
poietic stem cells (70), aud oervc cells (f J). 

To elucidate how one cytokine can medi- 
ate multiple function*, the 1 st^uctme of their 
molecules must be determined. 
However, the low number of cytokine tc* 
osptprs OA target cells (10* co t 10 s per cell) 
makes cheir isolation and ch^cteid^tioix 
di^cuit. We flow report the cloning of the 
cDNA for tU6 receptor (IL-cS-R) utilizing 
a high-efficiency COS7 cell egeptession sys- 
tem with the CDM8 vector (12) ; The ex- 
pressed receptors were detected with biorin- 
arcd-recombinant (B-rIL-6) and fluo- 
rcficein-conjugared avidin (FITC-A). 

Wc constructed a eDNA library from 
poIyadcRyl^cd [pply(A) + ] *** A rf 4 h ^ 
man NK-like cell line, YT (12), PJasrnid 
DNA was traiisfcctod into monkey COS7 
cells, and die cells were stained with B-rlL- 
6 and FJTOA- Cells expressing the 
were obtained with a fluoreseence^ctivatjed, 
cell sorter (FAC5), resulting in the identifi- 
cation of a candidate plasmid clone, 
pBSF2R-£36 (13). To confirm mat this 
done contained the cDNA encoding IL-6- 

we used murine COP cells for efficient 
expression, More than XQ% of pB$*2fc-236 
transfecoed OOF cells expressed IL-6-R as 
measured by B-*JX-6 binding when com- 
pared to the control cells transfcCtcd with 
CDM8 vector DNA. Moreover, the binding 
of B-rIL-6 was TOmpctrnVcly inhibited by 
rrrrvi amounts of rJX-6 4 but not rlL-10 or 
rlL-2 (Fig. 1). 
JB5F2R, a stable cransfectant expressing 



Fig. 3. RKA bk>c analysis of IL-6-R mILNA. 
PolyCAr RKA was isolated from U266 (lanes 1, 
3, and 8), U937 (lane 2), CESS (lane 4), BL29 
(lane 5), Jurktt (lane 6), and "XT (Jane 7). RNA 
(10 jjtg) ww ^eflatured and subjected to blotting 
analysis (26) w'mg the inaerr cDNA of 
pBSP2fL236 as aprobe (lane* X to 7). The filter 
was exposed for 20 nun (Jane 1) or 16 hours (the 
other lanes). The arrow indicates the specific band 
hybridized to pBSF2K,23$ cDNA. The bond 
corresponding to -285 is not specific, because it 
disappears when the Rp I-Esp I fragment (see 
legend to Fig. 4A) was uwd « a Pcobe (Jane 8). 
lEe number of binding sifica per cell, esrinja^ed by 
Sarchaid analysis were 29,000, 2,500, 2»7QQ, 
and 3,700 for U266, U937, CESS, and YT ceUa, 
respectively, BL29 and Jurfcat cell* showed no 
detectable XW binding sites. 
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CTG CK AfiS AAE Ctfi fitT 6tA 6fiC TTC CAC CCC AGC A6A TGfi GCT CDC ATtl CM AC? AC$ CTC CTC CK A(5 TtC CYC Ca£ CTC CAC G4C 
V«l (.eu lys Pro Ale AH Cly $*t H1> P** A^ Trp A]* Sly Att *5 Arg Lea Leu Leu Aro far Vll Cln Leu His Aip 

JTT CCA AAT TAT TCi TCC TAC CCC «C MC CCC «A CCT ACT CT6 CaC TTC CrC 6K fiAt 6TT CM ttt GAB SAt C« CAfi CTC TCC 
ter G?y A«n Jyr 4ur Cyi Tyr Am AH Gly Arg m> AH Sly TV V*) Hffc L*i L*u V*l Atfr Vi! frt An> cH Gtu Pro CH Lot Ser 

TCt nC CCS AAE ACC CCC CTC ACC AAT CT1 ATT TC W T^fl C£f CCT COS AtC ACC CtA TCC CK Act ACA AAB SCJ CTC CTC TTE CIG 

cyt Ptw Arg t.)4 s*r M Ltu Aj>v Vfl Vil Cys Cli Tit Gly Pro Ars Sir Thr Pro So- Lw Thr Thr Lyt Ala Vil L«u Lui Val 

ACC AAG TTT CAC AAC ACT CCC WC GAA CAC TTt CAE CAS CCS TCC CAS TAT. TCC CAB SAC TCC CAC AAQ TTC TCC 16C CAC IYA CCA fifC 
ArS Lyi PJk Gin Ain ttr Pro At« Clu Asp Ffac Btn Clu Fro Cyt Gin Tyr S^> Glq filu far qtn ly| P.H M Cyl Qlft L«u At* Vi* 

CCC CAO CGA GAT ABC TCT TTC TAC ATA STC TCC AYS TCC CYC CCC ACT AST SX GGC AfiC AM TYC AGC AAA ACT CM AtC TTT. CAG CCT 
Pr* cKi Cly top S*r £*r Pbs Tyf 11« val 8ar Hat Cys Va l AH Sup £er Vat fily Sar lyx Phe S«f Lys Tbr Cln Tbr Pha CH B)y 

TST CCA AtC TTC CAS CCT CAT CCC CCT GGC AAC Alt ACA ETC ACT CCC CTC CCC ACA AAC ,CCC CCf %t CTC ACT STC ACC Ttt CM GAC 
Cyi S)y f to Lhi fiH Pro Asp Pro Pre AH tan IH Ttr W Thr Ala V»J A)a Arg Air Pro Affi T^ L*r S*r V«1 Tnr Trp Gin As» 

TCA AAE ACA TTC ACA ACA TCC ATC GIC 

s*P Lyf Tnr Ph* Trp tat Trp m Vai 

AA6 CAC CTC CAS CAT CAC TCT £TC ATC OC CAC CCt TCS ACC QSC CTC- ABC CAC GTS ETC CAG CTT CGT CCC CAC CAC SAG TTC OGC. CAA 

Lya «■» Lou flia HH at« Cy± v* j iu UU A*f Ala Trp Sor Gly Leo Arg His val vai cm l«u Arg Ala Gta ci« S)o Pte Sly sin 

BSC GAfi TCC ACC CAC TCC ACC CCC CAS CCC ATS KC ACC CCT T6G ACA 6AA TCC Aft ACT CCT CCA CCT CAG AAC GAG GTS TCC ACC CCC 
Cly Clu Trp sar Clu Trp s«r Pro CW AH Nat Gly The Pro Trp Tor Clu Sor Arg Ser Pro Pro A ta Slu Am Glu Vil Ser TDr Pro 

CAT I TCT TCT 
MSB 



CCC CAC TCC TGG AAC TCA IC1 TTC TAC ACA CTA CSC TTT GAG CK ASA TAT CSC StT GAA CCS 1 

»o s*r Trp Aan Str fw rh» Tyr Ars Lmi Ari Pfw Chi Lw Vfl Tyr Ars Ala Clu Arc s 



ATC C« C« CTT ACT ACT AAT AAA CAC CAT CAT AAT ATT CTC TTC ACA *A? TCT CCA AAT CCC ACA ASC ClC CtA Cl4 CAA 
Not GU AH Lfu 7hr Ttr Asn ly* As p Asp Atp A to IH Lsu Pf* Arg Aap S«r Ala Ki* AH thr far ion PTO Vat On 

TCA 6JA CCA CT6 CCC ACA TTC CTC CTT CCT CQA CCt ACC CTC CCC TTC CCA ACS CTC CK TCC AY| SCC ATT CTT CTSIACC TIC AAE AAC 

Ser Val Pro Leu Pro Tbr Pnt Lmi VU AJ> Cly CJy lw jm, AK Phi 61y Thr loj Lou Cys lie AH IH Vtl UajArs m Lys Lys 

ACQ TCC AAC CTC CCC ££T CTC AAfi CAA GCC AAC ACA ACC ATC CAT CtG CCG TAC TCT TTC -GGQ CAB CTC STC CCC SAC ASfl CCT CCA CCC 
Thr Trp Ly4 t*g AH Lao Lys Slu Sly Lyi Thr Ser Mei lis Pro Pro Tyr Sar Uu Sly Bin *m Val Pro Prt A^ 

AM CCA CTC CTT STT CCT CTC ATC TCC CGA CCC CTG TCC CCC ACC AM CTC GQC TCT C*C AAT; ACC TW ACC CAC W CGA CCA CAt W 
Thr Pro Val Lou Val Pro Lou lln Sar Pro fro Ml S«c Pro Sor 5*r ),au Cl r 5** Aw TV Jyr 5or Hit AM Arg Pro Asp All 

ACC CAC CCA CSS ACC CCT TAT SAC A 1C AGC AAT ACA OAC TAC TTC TTC CCC ACA TAC CT»3CtSCCTGCCACCACCaGCC1«A^ 

Ars- Ass Pro Atb Str Pro Tyr Asp IH Sdp Am Tnr Asp Tyr PA* FM Pro Artf — 

AtACAAA£CG6CTCA0CAAMUT GCTT CI CAC \ GCCATSICAQC I TATCTCA M*?? TG T WWCCT TT tSCT T CAC t^^rSCCttCC6i*/ S6T7CI \C &£C ASCGfiMAATCACC 
CTfiCTCCAECTFrTCACCl CCT7W HTC^^ 
TCACACfi^CACTI^AAAGCTiaCCAW 
ttMSCMASCCTCCTCCAfC^^ 
CCrmACnA(^CtA«i6W€SS6fiA^^ 

TTtoAfAwnATMnjcrrrxranvw^ 
asaascawcCAabbjcasgaw^ 

AfiGACACCTASCAO^I^CSCnCTU 
TSl«AAAACAAAMTCACCCTeCCAACM 
CnACTTASCTSrCtittiOAACCiC^ 
GTCC^CGCASC^TCACnCAl6TCCAC/Afi^ 

ClX^A^TACTTTjfi6S<jftt I6A (W*rtt^A*%AJt Tt TT GAGCtTEilGAiUi 7 tlAJXCl JXACTCia^Cr^CiA.T TSCAXC*e TCCAiTcCACiCT/ttcajt CJlCA4*ACA*^llttA£tt Tt 

Fig. 4v (A) Restriction cndonuduK cleavage map of die insert cDNA* of pBSjF2Jt 236 ind Other five 
doncs, (B j Comhiiied nucleotide sequence and deduced amino acid sequence of the insert cDNAs of 
pBSF2fiL236 and other five clones. Numbers ac the Jcft ijaargin of d>e sequence shw positions of 
nudeendes and amino adds, respectively. The astetUcs show pocenrial N-^iy^OSyUu'on sites (Am-X-Ser/ 
Thr); the underfilled region b a presumed signal peptide; the box encircles a presumed Darjsrnetnbyane 
domain; the dots idennfy a possible poiy(A) addMon signal. Sequencing was performed by the chain 
i method (2). 
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Fig. 5. A%ujienc oW t -e}-& doawtt) CO Ig supcrfamiiy protein domains. IL-6-R, CSF-l-R (27) and hixawn Ig V kappa chain V-m region (2S) sequences 
ww aligned to several proteins oT supofyfoily (20) by inspection. (*> Conserved patterns common no the V, CI, and C2 sewj ($) oommon to the V aftd 
C2 set*; (#) common to me C\ aad C2 $e« (2<7). The known locations of P-$tra»d3 in Ig V domains are marked with bare and capital letters above the ban* 
The numbers above the augment represent powtwds of amino acids of IL-d-R seq wncc. The position of the putative disulfide bridge within IL^6-R domain 
» indicated by S * - - S. 



the IL-6-R froni pBSF2R.236, was estab- 
lished from an IL-6-R negative human T 
cdJ line, Jurkan Search ard plot analysis was' 
pcrformc4 by. the nonlinear icast squares 
method in the AOS/VS (Data General 
Corp. Operating System) version of SAS 
release 4.07 (SAS Institute Inc.* Cary, 
North Carolina) and the result was consist- 
ent with two classes of EL-6— R: a, Jbjgh- 
afiniry binding site [dissociation constant 
(Kd>) ^X0 _lt M, number of sites per cell 
(HI) -240 ± 190 {SB)] and a low-affiriiry 
binding site {Jtcj -10- 9 M ? B2 -12,000 ± 
680) (Fig, 2B). The myeloma cell line, 
U266, Scatehard plot was also consistent 
with there being two cjasses of IL-6-R with 
approximately the same JC d values as the IL- 

6-R Of Che JBSF2R tranSfcttant cells (Fig- 
2A). The pBSF2R-236 cJDNA, therefore, 
can code for both high- and low-affinity 
binding sices, although the mechanism that 
determines the affinity of the EL-6-R re- 
mains to be elucidated^. 

The expression of II^6-R rnJUSA was 
analyzed by RNA Wots (Fig* 3). The 
pB$F2R.236 cDNA probe hybridized to a 
single species of mRKA of approximately 
5000 nucleotides (nc) ? extracted from the 
YT ceil line. Similar length Ib-6-R mRNA 
was also detected in RNA extracts of the 
myeloma cell line U266, the histiocytic leu- 
kemia cell line U937, and the Epstein-Barr 
vims^tiaosfarmed. B cell line CESS, In feet, 
these cell Unes had been shown to express 
1I/-6-R. {1-4) . rlbwcveCj the T oeUJfoc Jurkat 
and the Buxkitt's lymphoma cell line BL29, 
bom of which had no detectable IL-6-R 
(U)> ha'd no rnKNA that hybridized with 
the probe The relatively high concentration 
of IL*6~R m-RNA in V266 cells may indi- 
cate that XL-6 runctions as an autocrine 
growth factor for myeloma cells (5). 

Although pBSF2*C236 contained the in- 
sert cJDNA for the coding region of the IL~ 



6-R fflRNA, it did not contain the full 
nvWtfA sequence, & i c ^ s 0ft ]y 2200 nt 
Jong, To obtain the entire sequence cDNA* 
we probed the same cDNA library .i*ith 
different labeled fragment? (Fjg, 4A), Three 
additioual clones contained insert cDNAs 
, corresponding to several parts of IL-6-R 
mRNA, Two other cDNA clones were ajso 
isolated from a X^IO cDNA Ubrary from 
U937 cells as described (2). Four of the 
insert cDNAs have the same 3' end foUowed 
by the poIy(A) sequence (Fig. 4a), Possible 
poty(A) addition signals (ATAAAA) are at 
positions corresponding to residues 161 and 
186, 200 nt lyscrcam of the poly(A) se- 
quence, a position that corresponds to those 
previously described (15). 

The nucleotide sequence (Fig. *4B) was 
confinrtcd by data on the independent 
clones. There is a single open reading frame 
which is included in the cDNA of 
pB5F2R,236, In this frame, the initiator 
ATG r which conforms w the described cri- 
teria is Mowed by 467 codons before 
the tetrm nation xo triplet TAG. A hydropa- 
thy plot (J7) of the deduced amino acid 
sequence of JJ^6-R showed two major hy- 
drophobic regions, one located between res- 
idues 1 and 20, and the other located in the 
region of residues 359 to 386. The former is 
presumably a typical signal peptide^ with the 
predicted cleavage site between Aia l5> and 
Leu 30 (i8). The latter, the putative trans- 
membrane domain* is immediately followed 
by positively charged residues (Arg-Phe- 
Lys-Lys), which may represent the stop 
transfer signal anchoring the EL-6-R in the 
membrane during biosyntbesis (i$)\ There 
are six potential AT-linked giycosyJation site? 
(Asn-X-Ser/Thr) (live in the extracellular 
domain and one in the intracellular do- 
main). 

The comparative sequence data were ob- 
tained from the National Biomedical Re- 



search foundation database (Bolt Btranck 
apd Ncwman 4 Inc.) and Genetic Sequence 
Data Bank (Los Alamos National Labora- 
tory). Homologies were found with several 
members of the Ig supisriarnily, including 
the Ig light chain variable (V). region, the 
rabbit pofy-Ig reeepcor, the CD4 mdleeu(e 
and the alpha- 1-B-glycoprottin (alpha 1 B* 
GP). Furthermore^ the IL-6-R sequence 
berweeo positibn —20 and ^11,0 jEWfills the 
criteria proposed by Williams and Barclay 
(20) for . the constant 2 (C2) set of Ig 
snpcrfamjly as shown in Fig. 5, The IL-6-R 
sequence does not contain the loop (C and 
CO between the p-strands C and p, which is 
Characteristic of the V set The distance 
berween C^s 47 and Cys M is 50 residues* as 
described fcr the C2 set (20). The.C2 set 
includes , several adhesion molecules, the 
platelet-derived growth factor (PDGF) re- 
ceptor, the . colony-stimulating factor 1 
(Cs&l) receptor, the Fc y receptor, and the 
alpha 1 B-GF (Z0). The receptors for poly- 
peptide growth factocs, such as FDGF, 
CSF-1, and IL-6, could then be grouped in 
the C2 set. 

The II^6-R lacks tyrosine kinase do- 
mains, unlike some other growth factor 
receptors, although H^S has been found to 
b* a potent growth factor rrrycloma- 
tilasmacytoma cells \4, ?)\ Receptors for 
nerve growth factor (21) and growth hor- 
mone (22) also lack the ..tyrosine kinase 
domain. The mechanism (or mechanisms) 
of its signal transduction for growth and 
differentiation could be mediated through 
an unknown biochemical pathway. 
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A Monoclonal Antibody to the a Subunit of G k 
Blocks Muscarinic Activation of Atrial K + Channels 

Atsuko Yaxajki, Hbidi Hamm, Juan Copim, Maria IL Mazzon^ 

LXJTZ BlDLKBAU MEH, AjRXHTO M. BROWN 

Hie activated httttfcbipwrjic gqiuuttc nucleotide binding (G) proteuj G^, subpico- 
mobr concentrations, mimics muscarinic stLmtdation of a specific atrial potassium 
current BUeconstitution studies have implicated the a and p-y subtinite as mediatory 
bat summit coupling by the endogenous G protein has nor been analyzed. To study 
this process, a monoclonal antibody (4A) that binds to but not to £y was applied to 
the solution bathing an inside-out patch ojT atrial membrane; the antibody blocked 
carbachol-acrivated currents irreversibly. The state of the endogenous determined 
its nj,scepribility to block by the antibody. When agonist was absent or when activation 
by muscarinic stimulation interrupted by withdrawal at guanos£nc triphosphate 
(GTP) in the presence or absence of guanwine diphosphate (GDP), the effects of the 
antibody did not persist* Thus, monoclonal antibody 4A blocked jniuscarituc activation 
of potassium channels by binding to the activated G protein in its holomerk form or by 
binding to the dissociated at subunit. 



COUPLING BETWEEN THE AXE-LAX- 
muscarinic irttylcbolirte receptor 
and the potassium channel current 
(Kjen) mat it activates (1) is thought to be 
independent of a cytoplasmic second mes- 
senger pathway (2), G proteins were Impli- 
cated as coupling agents because whoje-cell 
K ACh currents required guanosinc tripbos- 
phate (GTP), were decreased by pertussis 
toxin (FIX) (J), and became independent of 
ligand in the presence of the noiahydrolyza- 
ble GTP analog S^guanylylimidodiphos- 
phatc (GppNHp) (^). The muscarinic ef- 
fects on me atrial membrane potential and 
atrial pacing were also blocked by FIX (J). 
Taken together wim the results in (2)» the 



possibility of G protein mediation indepen- 
dent of cyclic nucleotide second messengers 
was noted (2). Analysis of the whole-cell 
currents may be complicated, however, by 
the presence of a PTX-wsensitivc nonselec- 
tive cation current related to phosphoinosi- 
tide hydrolysis The demonstration that 
another aonhydrolyzablc GTP aoatog, gua~ 
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Fig. 1, "Dot Wots 1 * of the MAh din 

reaction between mAbs 4A k 
and 4H {13) and transdacin 
holoprotein Ot(a^Y T ) (lanes 
1 and 6> t ct,-GT3*7S (lanes 2 
and 7), the p*y subunit of 
tzansducin (ffyi) (tapes 3 
and S) t a k -OTJ*Y5 (lanes 4 
and 9) t and control protein 
(trypsin inhibitor) (lanes S 
and 10). Dot blots were per- 
formed as described in (1Z), 
and antibody binding was 
detected by ^labeled pro- 
tein A bindinc and autoradt- 
o^raphy of dot blots. Ibc 
x»Ab 4A >w a; «uoilar ajtnjni- 
ry ibt ap-Yt and c^, lower 

* r ctu, and no aftucity fix p^t- ' 2 9 
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Summary 

Inierieukin-e medfatea plelotroplc function? in various 
type* of cells through its specific receptor (IL-6-A), the 
cDNA of which has already been cloned. We report 
hart that an 60 kd single polypeptide chain (IU6-R) re 
involved \n IL-6 binding and thai IL-e triggers the as- 
sociation of this receptor with a non-ifgand-binding 
membrane glycoprotein, gp130. The association takes 
place at 37"C within 5 mln and Is stable for at least 40 
min In the presence of JL-e\ but does not oeeur at 0°C 
Human IL-6-R can associate with a murine gp13D 
homolog and Is functional In murine cells. Mutant IL-fi- 
R lacking the Intrecytoplaemte portion is functional, 
suggesting that tha tin polypeptide chains interact to 
involve their extracellular portion. In fact, a soluble JL» 
*vn lacking the transmembrane and Intrmcytoplaarnlc 
domains can associate with gp!30 In the presence of 
IL-G and mediate Its function. These findings Indicate 
that the complex of IL-6 and IU6-R can Interact with a 
non-flgand-bindtng membrane glycoprotein, gp130, 
extraoeUularty and can provide the JLp6 signal. 

Introduction 

IL-6 is a multifunctional cytokine active on B ceils, T cells, 
plasmacytomas, hepatocytes, and several other types or 
cells (Hirano and KJshimotn, 1989). JL-6 has bean reported 
to be involved in; 

—induction of immunoglobulin production in activated B 
cells (Hirano at al., 1965, 1986) 

-induction of proliferation of hybrldoma/plasm&cytoma/ 
myeloma cells (Van Snick at ah, 1986, 1967; Nordan and 
Potter, 1986; Kawano et al., 1968) 
—induction of lL-2 production, ceil growth, and cytotoxic 
T cell differentiation of T cells (Garman et al„ 1967; Lotz 
et al., 1988; Okada et al., 19©a) 
-stimulation of muhlpotent colony formation In hemato- 
poietic stem ceils (llcebuchi et al., 1907} 
— regulation of acuta phase response (Andus et al*, 1987; 
Gauldie et al., 1967} 

-growth inhibition and induction of differentiation into 
macrophages of myeloid leukemic eel! lines (Miyaura et 
al., 1986) 

-induction of neural aifleremiation(Satohetai., 1988). In 
accordance with multifunctional properties ot IL-6, the 



specific receptor tor IL6 was found to be expressed on a 
variety of ceHs, although He number was extremely low 
(Taga el al. , 1967), The cDNA for human IL-frfl was cloned 
and the cDNA was shown to have a capacity to express 
both high and low affinity binding properties that were 
similar to me naturally expressed IL-G-R on a myeloma ceil 
line, U266 (Yamas&ki et al M 1966). The nucleotide se- 
quence of the cDNA shows that IL-6-R consists of "-449 
amino acids with an intracytopia&mlc portion of <v82 
amino acid residues. 

Although IL-6 wa& shown to be a potent growth factor for 
hybrldoma/piasmacsytoma/myeioma cells and a certain T 
cell line (van Snick et ah, 1086, 1987J Nordan and Potter, 
1966; Kawano et al„ 1988; Shimizu at al., 1968), the in- 
tracytoplasmte portion of IL-6-R has no tyrosine kinase do- 
main, unlike certain other growth factor receptors (Ullrich 
et al., 1984, 1995; Yarden et al., 1086), or shows no homol- 
ogy with other known functional proteins. Thus it is sug- 
gested that transduction of the lL«e signal could be medi- 
ated through another molecule associated with the IL-6-R. 
in this study, we report that a single 60 kd polypeptide 
Chain, whose cDNA has been previously cloned, is the 
only surface molecule involved In the binding of IL<& The 
present study shows that IL-6 triggers the association of 
the 80 kd IL-6-R and another non-Hgand^bintfng mem* 
brans glycoprotein, gpl30, which is most likely involved in 
the signal transduction. The interaction of two membrane 
polypeptide chains, a Kgand-bindtng chain, and a signal* 
transducing chain, may be a novel mechanism tor cyto- 
klne-mediatad signal transduction. 



A Single BO kd Polypeptide Chain (80K IL-5-ft) 
Is Responsible tor fLrfi Binding 

AntML-6-fi antibodies were prepared with a synthetic pep- 
tide made on the basis of the deduced amino acid se- 
quence of 1he cytoplasmic portion of the IL-5-R (Figure 1 , 
paptide-1). As shown In Figure 2A, antf-peptide-1 antibody 
precipitated a polypeptide chain with a relative molecular 
weight of BO,ooo from an lL««-R-posrtrve human. myeloma 
cell line, usee (lane 1). No molecules were precipitated 
from an IL-6-R*negatfve human T eel line, Jurkat (lane 2), 
but a band with a similar relative molecular weight was de- 
tected in Jurkat tranefectant J1L6R with IL-6-R cONA, indi- 
cating that this antibody was specific to IL-6-R (lane 3), 
Some faint bands of 50 kd and 120 kd are nonspecific, 
since these bands were also observed with nonimmune 
rabbit serum (data Hot Shown). The relative molecular 
weight of the IL-6-R from U266 and JIL6R was slightly 
different (80000 from U26B, 84,000 from JIL6R; lanes 1 
and 3). This seems to be due to a difference in sugar 
modmcatjon, since tha relative molecular weight of the im- 
mature form of IL-e-R from both cells was found to be the 
same by pulse labeling and Imrrrunopreciphation experi- 
ments (data not shown). 
To detect tha IL-e binding molecule, meiabolically la- 
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Rgur* 1. Structures of IL-6-R Mutants 

Structures of native and mutant JL-B-R are *hown, Wumbfrft cor- 
respond to the positions of amino adds reported by Nfemataki ot &l. 
(1988), A peptide used tit immunization }& alep Indicated at a solid bar, 
S, tf&riftl ttquenc*; £C, ftdraCellulaf domain; TM, transmembrane do- 
main; JC, imvaeytoeraarnio domain. 



baled U2$o\ Jurkat, and OIL0R cells were saturated with 
unlabeled IL-6 and crass-linking was performed wHh a 
deavabJe cross-linker, EQS. Extracted proteins were 
denatured and the molecules Cross-linked to IL-8 were in> 
munoprecipitated twice to reduce nonspecific precipitates 
by sffinity^pu rified polyclonal aniVIL-6 antibody. Inter- 
molecuiar cross-Unking bonds in the immunoprecipilates 
were cleaved by hydrOKyJarnine, and the samples were 
analyzed by SDS-PAGE. As shown in Figure 2B, only a 
protein species with a relative molecular weight of about 
80,000 was detected in U268 and JJL6R (lanes 2 and 6). 
No such band was observed In the same experiment with- 
out IL-6 (lanes 1 and 5), or in an J L-oVH^negabve celf line, 
Jurkat, with or without IL-6 (lanes 3 and 4). The faint band 
of 120 kd is nonspecific, since this motacule was also 
precipitated in the absence of fL-6 (lanes 1, 3, and 5) even 
though the immunoprecipitation was performed utilizing 
antML-8 antibody. These observations indicated that the 
HOK IU-6-R was the only molecule involved in the IL-fi 
binding. 



IUG Stimulation Trigger* the Association 
of 80K ILrO-R and gp130 

lb examine the possible presence of a signal-transducing 
molecule associated with the IL-6VR, the IL-6-R was 
precipitated under a nondissociaiing condition with the 
. monocJonsJ amWL-S-R antibody, MTI6, which showed 
less nonspecific binding property than the anti-peptide 
antibody. As shown in Figure 3A (lanes 1 and 3), MT16 
precipitated the 80K IL-6-R from U266 cells under mild ly- 
sis conditions (1% digftonin buffer). Another polypeptide 
chain or 130 kd was copredpltated when the cells were in- 
cubated with 1 fig/ml of IL-6 at 5TC for 30 min before 
digitonin lysis (lanes Z and 4). The same results were ob- 
tained by SDS-PAGE under either reducing or nonreduc- 
ing conditions. These Observations suggested that IL-6 
triggered the association of the dOK iL-6-H with a cellular 
130 K molecule. 

As shown in Figure 3B f varying concentrations of U--6 
were used to examine the IL-ft-triggered association of IL- 
6-R and the 130K protein at 37*C or at 0°C. Tne associa- 
tion was observed in the cells incubated with IL-6 al con- 
centrations of 0LO4, 0.4, and 4 ng/rn| at 37°C for 30 min 
(lanes 2, g } and 4) but was absent in ceils incubated with 
4 ixgfmi JL-6 at 0*C (lane S). The kinetics of the association 
of IL-6-ft and the 190K protein were further examined. 
U266 cells were surface-lodlnated and incubated with 1 
ng/mi IL-6 at 37*C for varying periods of time, then digito- 
nin lysis and immunoprecipitation wHh MT16 wore per- 
formed. A 5 min incubation with IL-6 (Figure 3C> lane 2) 
was shown to be sufficient for the association of IL-ti-R 
and the 130K protein, and the complex was stable for at 
least 40 min (lane 5) in the presence of IL-6. Furthermore, 
since the cells were eurface-jodJnated, the findings indi- 
cate that the 130K protein fa a cell-surface molecule. 

To examine whether the 130K molecule is a glycopro- 
tein, the U268 cells were surface-iodlnated and incubated 



A . fy RgureS, lmmunopr»ciprtation of IL-6-R 

(A) tnwnunopraripitalfon of IL-Sfl by antipep- 
12 3 tid© antibody. M©tAb6*c*lry tabaled calls (10 7 ) 

13 3 4 5 6 were lyaed In NF*0 extraction buffer and im- 

fyjr<k> Nlr(k) munopreclptlaltanwaa performed With affinity 

200 _ purtJted aniKpeptIde*1 antibody a* described in 

200— * EXponmentalPreoedurea.6emptoe were ana- 

lyiedunder reducing condition* on 6DS-PAGE 
• "'•[:'• \ wllK 1 ^abetedmari<at»(Am*i«ham). Lanel, 

rfr&ii C:.;. •••»'•• U2SS; lane 2, JoH<at; lane S, IL-S-R>c£)MA 

■■■■i^t- i", • transfectod Judcut J1LBR 

q*F- jJi (B) DWeotion of We IL^blndtng molecub by 

32-6 -.".v.. .fit^ JtsL mm crow-ilnWno. irnfnunwretipjtatten, and deav- 

fP ^W" age of the ewa-llnter. MMaboUcslty labeled 

59 66 " ***** (10 7 *™ ushg ftS mCJ [^Jnwthionine) 

were esturatBd with (lanes 2, 4. end B) or with- 
46 m out (ItrteS 1, 3. end 5) unlabeled fL-6 and croaa- 

4e _ ^5* v; <-; '• " " Unking was proowsed as described in Ex- 

perimental Praoedurea. MP4C tysataa warn 
denatured fcy ^eillnfl ]n 06% 3D© for 5 min, 
30— and croae-Hnked complexes containing 1 1-6 

were precipitated by 10 iig of affinity-purified 
rabbit antI-11^6 antibody and protein A-Sepha- 

foee beads. immunoprocipitateB ware eluted by boiUne the beads tor 5 min in 2% 80S. S2£ mu Tne <f>H &8} and eluetos were dluted four times 
with 04% NP40, TBSAe^mrnunopreelpltadon wee performed with 10 \lq of the same antibody and cfeaa-UntdnB bor^u in the precipitated ComiXe^ea 
we» CJeaved by IncgbeUng In 0.1 M hydroxytamine at 37^C for 12 hr and analysed under reducing condition* on SD&RAGE, Lanes 1 and Z, U2SS; 
lanee S and 4, Juffcaf: lanee 5 and 6. JILBR. 
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Figure a fL-eJHggered Association of BOK IC-S-R and a Membrane Glycoprotein. gp130 

(A) IL-6-indLJced association of tL*€-R and 130K protein. U266 calls (2xt0*) ware metaboilcafly labeled wHh 1 rnCI pfynethionine and each naif 
was incubated with (lanes 2 and A) or without (lanes 1 and 3) 1 ug/ml IL-8 tor 30 min at 3/*C In 05 ml RPMlWQ medium. Digilenin lysis and immunc- 
precipitation with mti B antibody war* performed a* described In Experimental Procedures and analyzed under nanreducing (lanes 1 and Z) or redue* 
Ing (lanes 3 and 4} conditions by SDS-RAOE. 

(B) Association of IL-6-R and 130K protein in the presence of varying concentrations of lL«6 at 37°C or at 0°C, U26« ceils (24 x 10 7 ) ware metabeij. 
caily labqiod with 1.25 mCt 3»S-methionine and divided into five aJityjota, Each aliquot was incubated without (lane 1> or with 004 ((and 2), Qa (lane 
3), and 4 ug/ml (lanes 4 and 5) IL* in 05 ml RPMH640 medium at (lanes 1-4) or (PC ((an* 5) for 30 min. Pigitonin lysis and immunopreclpitation 
were performed as above and analyzed under reducing conditions by SDS-PAGE. 

(C) Kinetics Of the association Of iWe-H and 13QK protein, usee cefls (££ x 10 7 ) were surtajc^todlnated with 25 mCl No I t25 l] an described in E* 
p&fimewaJ Procedures and divided into five aliquot*. Each aliquot was mixed wth (lanes 2-6) or wftrmit (lane 1) 1 ug/mt IL-6 in 0.5 ml RPMI164Q 
medium and Incubated for 5. 10, 20 (lanes 2, 3, and 4, respectively), and 40 min (lanes 1 and S) at 37*0. Digitonln lysis and Immunc^i^pftatfon 
WBrs performed as above and analyzed under reducing conditions by SDS-PAQC, 

(D> Endogrycosldass digestion of tL6-R and 130K protein. U2S8 ceOs (2 x to*) were eurfsoo-iodlnated using 2 mOi Na[ ia5 l] and each half was in- 
cubated with (lens 2) or without (tans 1) 1 ug/mt IL-6 for 30 min at 37*C end aoLublllzed with 04 ml 1% digitanin lysis buffer. Immunoprec^tation 
was performed with 10 »g MTlfl and half allquote were analyzed under reducing conditions by SDS-PAGE. A remaining aliquot analyzed in lane 
2 was further processed by $e*e' treatment with neuraminidase and N- and Oglycanase (Jane 3) as described in Experimental Procedures. 
(E) Association of Jl-frfl and gpttO on HepQZ cells. Hep02 cells (10 7 ) were aurface-lodtnaiBd with 1 mCl Nap and each naif waa Incubated With 
(lane 2) or without pane 1) 1 |ig/m) lL-e tor 30 min at 37*c. Digitonln lysis and imrrtuncpreciphalion were processed. Samples were analyzed under 
reducing conditions on SDS-PAGE. 



with IL-6. The IL-6-R fend the 130K protein were copredpi- 
tated wfth MTifi (Figure 3D, lane 2) and further treated 
with neuraminidase, and with N- and O-gtycanases to re- 
move the sugar moieties and analyzed by SDS-PAGE 
(lane 3). Two major bands of 50 fcd and 100 kd are Shown 
in lane 3, indicating that the Q0K molecule and the 
130K molecule are glycoproteins having core proteins of, 
respectively, 60 kd and 100 kd. The 50K value agrees well 
with the calculated molecular weight based on the amino 
acid sequence deduced from the fL-6-R cDNA (Yamasaki 
et al. r 193d). The other faint band of 120 kd might cor- 
respond to a partially deglycosylaied 130K molecule. 
Th<M>& result* indicated that the 130K molecule was a 
membrane glycoprotein (gp130). 



9P130 was detected In other ceJfs responsive to IL-6. 
The human hepatocyie cell line HepGZ secretes several 
acute phase proteins following IL-6 stimulation (Gau)dle at 
al., 1967). In Figure 3E, HepG2 cells were surfecs-Iodi- 
nated and incubated In the presence or absence of IL-fl, 
then digitonin lysis and immunoprecipitation were pro- 
cessed. The gp130 was detected In this cell line (lane 2). 

Human il-6-r Can Associate with Murine gpiao and 
Is Functional in a Murine a Lymphoma Una 

Human IL-6-R cDNA was tranefected to a murine B lym- 
phoma line, M12, which has no detectable number of IL*6- 
R (Table 1), and M12IL6R transfectant was obtained. 
M121L6H was found to possess 1800 specific IL-6-binding 
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Tabl* 1. )L-e*R or Murine Transfectants And Parental Call* 
S5i ' Human IL-o-fF Shaa/Cetf Kd (pMp 

M12 - NO - 

M1 - SO 380 

MllL-fiR IL-5-R 1000 330 

MHL«flA IC IL-frflA JC 2300 920 

* me structure or numafl il*&h cdna introduced in the transfectants 
is shown in Figure i. 

b Scatchard analysis was performed using i pM-O.fi nM ^ML-fi. No 
significant high affinity binding sit eg ww? observed Because of e tela- 
lively low number of total binding sites. 
NO; not detected. 



sites per call (Tit we 1}. This transfectant was tested for the 
expression of murine gp130 homolog, which could be as- 
sociated with human ll-S-R by IL-6 stimulation. As shown 
In Figure 4A (fane 2), murine gp130 could be coimmu- 
noprecipitated with the human by MT19 antibody 
when the cells were incubated with IL-6. Although M12 
cells showed no responsiveness to IL-6 (Figure 4^ upper 
panels), M12JL6R cells with human IL6-R cDNA responded 
to JL-6 with a decrease jn growth at low cell density (Figure 
4B, lower panels), 

intrecytopimmle Portion of iL-e-R la Not Important 
for IL4 Signal Transduction 

It was examined whether (he fntracytoplasmfc portion of 
IL-6-R was required for the signal transduction using the 
murine myeloid leukemic ceil line M1, in which IL-6 in- 



hibited its celt fjrowtn and induced differentiation into 
macrophages (Mfysura et aL, ttoa). Ml cells were trans- 
fected with human IL-6-R cdna or a deletion mutant of IL- 
6-r cdna lacking the G-termin&i 6$ amfno acid residues 
in the intracytoplasmic portion (Figure 1, IL6RA |Q. The 
M1JL6R and M1IL.6RA IC transfedants expressed a rela- 
tively higher number (20- to 40-fold) of binding sites 
than the original M1 cells (Table 1). Cyttf luorometric anal- 
ysts was performed using phycocyanine-conjugated 
mti a. No staining was observed with mi, but both MKLBR 
and M1IL6RA IQ were stained and the staining Intensity 
was comparable for the two transfectants, Indicating the 
expression of human IL-6-R on M1 transfectants (data not 
shown), These three cell Ijnes were used to examine the 
responsiveness to (L-& Cells were cultured in the pres- 
ence of varying concentrations of for 70 fir and pulse- 
labeled with pHJTbR for the last 10 Ik As shown In Figure 
5, both M1ILQH and MilLORA IC acquired a sensitivity 
about 70-foid higher than IL-6 in their growth inhibition, In- 
dicating that human IL-6-R on murine M1 ceils could 
transduce the IL.6 signal avers with a truncated ln- 
tracytopiasmic region. The Ml transfectant with CDMS 
vector without an insert cDNA showed no increase in IL-6 
binding sites, and sensitivity of this mock transfectant to 
IL-6 in growth inhibition was the same as ihe parent M1 
(data not shown). 

Soluble 1L»8»R Can Associate with gpiao in the 
Presence of IL-a and Transduce the IL-6 Signal 

To examine the possibility that the, extracellular domain of 
f L-frR is responsible for the interaction with gpiao and the 
signal transduction, mutant IL4-R cDNA coding the first 
322 amino acid residues, thus lacking transmembrane 



A B 




Figure 4. Association of Human (L4-R end Murine op136 And (US-Mediated Growth Inhibition of Murine Calls in rough Human IU6V? 

(A) Association of human IL-6-R and murine gp130. M12IL6R (Table 1) c«Ha (10 7 ) were surfftce-iodinaled and processed aa Jn Figure SE, Una 1, 

incubated whhaut IL-6; lane 4, with 1 jig/ml IL-6 for 30 m!n at 37°C before dlgitonln lysis, 

(5) Growth Inhibition of M12ILefl by fL5. MU and M12ILSR calls were seeded in mlcroculture plate* (SO celienW, 0.1 ml**e\i) and cutturod for 10 
deyi with or without 20 i)Q/mJ IU6 (4* w+|fe each)- CotariroeMe assay w« performed as described in Experimental Procedures. Ffelajtve values 
of A570 of each well were expressed In a histogram. Average values (Ay.) of relative AS 70 were al*o trtdltnted. 
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Rgura 5, intracyteplasmlc Dompin of Not Required for Signal 

Tranpdudion 

M1, M1IL6R, and MULfiRA iO cells were cultured [ft rtftropJaiteS In In* 
presence of varying concentrations of IL-6 and pgLs*Mat*rftxd with 
pHTTttB as described in Experimental Procedures. Incorporated ra- 
dioactivity was measured. Data represent the average of duplicate 



and cytoplasmic domains, was prepared (Figure 1). COST 
cells were transfecied with the rputafll cDNA and the cul- 
ture supernatant containing transiently expressed soluble 
JL-6-R was collected, To confirm thai the soluble IL-6-R 
could bind US, the soluble IU6-H was applied on MttB- 
coated microtUer wells and the wells were incubated wJth 
[ 125 !]IL-e Mock control could not bind [»«l]IL-6 while solu- 
ble could, and this binding was inhibited by excess 
amount of unlabeled IL-6, Indicating that the binding was 
IL-G-speciflc (data not shown), lb examine whether the 
nocHiiembrane-anchora! soluble 1L-6-R could associate 
with gpl30 In the presence of IL-e, the soluble IL-6-R was 



mixed with surlace-todnated M12 (a murine B lymphoma 
line) cells and incubated with or without IL-6; then digjto- 
nln lysis and immunoprecipitation with MTt8 were pro- 
cessed, As shewn in Figure 6A, gp130 was detected by 
SDS-PAGE from the eelfe incubated with soluble IL-6-R 
plus IL-6 (fourth lane from the left), indicating that the 
soluble ll-6-fl could associate with gpl30 in the presence 
of f L-& The coimmunoprecipitation of gp130 with the solu- 
ble IL-6-R was not observed ih the absence of JL-6 (third 
lane} or with the mock control plus IL-6 (second lane). A 
similar result was also observed with M1 cells, in which 
soluble JLrB-R and gpiao could be co-immunopretipitalsd 
when the cells were Incubated with (data not shown). 

To study whether IL-6 and soluble IL-6-R could trans- 
duce the signal, M1 ceils, which are more sensitive to IL*6 
than M12 cells, were used in the growth inhibition assay, 
The cells were incubated with soluble IL-6-Ror mock con» 
trol in the presence or absence of varying concentrations 
of IL-9 for 70 hr and pulse-labeled with pHjldR tar the 
last 10 hr. As shown in Figure 6B, soluble IL-6-R had no 
influence on M1 in the absence of IL-6 (second column 
from the left), but it augmented the sensitivity of M1 cells 
to IL-6 in their growth inhibition as compared with mock 
controls, indicating that the complex of soluble iL-a-R and 
IL-6 could transduce IL-6 signal. 

Discussion 

Association of a Llgand-Binding flOK IL-G-R and a 
NoMjgand-Blnding gpiao Molecule 

We have demonstrated here that the BOX lL-6-ft is the only 
molecule involved in ligand binding and that IL-6-R as* 
sociatee with a possible signal transducer, gpiso, in the 
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-130k 
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Rgure S. Soluble IL-S-R Associate* With gp130 In the Presence of (L-6 

<A) Association of aofuota IL-6-R and AC180 In the presence of tt-S. M12 cells (2 x TO 7 ) were fiurtece^odinated with l mCr Na[^l}. Eacrj S x 10°-ceil 
aliquot whs IncuOeted *nh or without 1 ug/rnl IL-6 in 1 mi of COSr culture supernatant containing soluble IL-6-R or mock control as indicated above 
the figure for SO min at &rC Dlgltpnln l»Js and fmmunoprecfprtaikin with MT18 wis processed as described m Experimental Procedure*. 
(B) Growth Inhibition of M1 cofle by solubte IL-S-H plus IL*. Ml cells were culture* In mfcroplates (1 X cella/m). a* mlrwefl) with Indicated con- 
certtrsiions of |L-6 In Ihe presence Of 26% COST culture supernatant Containing soluble IL-S>fi or mocK control. [*HJTdH was added at So rtrtftrouflh 
To hr of the Culture and the incorporated radloaetivrly was measured. Dale represent H» average [columns) of triplicate measurements with SO 
(vertical bars). 
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presence of IL-6. Irnmunoprecfpitaton of metaboltGalJy la- 
beled cellular proteins by anti-peptide or monoclonal anti- 
IL-6-H antibodies under olswclatin^ondieeociahnfl con- 
ditions and SDS-PAGE under reducjng/rx*ireducing con- 
ditions detected a single 80K molecule (Figure 52A; Figure 
3A, lanes 1 and 3), The existence of another component 
of the !Lr6-R besides the BOX molecule was unlikely, since 
no significant molecules other than the WK IL-6-R were 
detected in the experiment shown In Figure 2B, in which 
the molecules cross-linked to IL-6 were collected by anti- 
JL-6 antibody and analyzed by SD5-PAG6 after the cleav- 
age of intermoJecuiar cross-linking bonds. 

Association of IL-6-R and the second polypeptide chain , 
gp130, was observed by incubating the colts with IL-6 at 
S7°C within 5 to 40 mln (Figure 3C), but not at (PC in 30 
mirt (Figure 3B, lane 5), although it was previously shown 
that IL-6 can bind to the receptor at 0°C (Taga el af M 19S7). 
Thus the results indicate that the association can occur at 
37°C but not at 0°C even when IL-6 is bound to JL-9-R. The 
use of 40 ng/ml IL-8 was sufficient for the association and 
no increase in the association was observed with in- 
creased amounts of IL-6 up to 4 ug/ml (Figure 3b). The 
specific activity of the recombinant IL-6 was previously 

shown to be 2DQ pg/u (Hirano et al,, and the opti- 
mum concentration of JL-6 required for stimulation of 
HepG2 cells for fibrinogen production was 60 Uftnf (La, 12 
ng/ml) (GauJdle et at.. 1967). Thus the results indicate that 
association of IL-6-R and gp130 could occur in a physio- 
logical concentration of IL-6 and might not be an artifact 
caused by an extreme dose of IL-6. A difference in the ra- 
tio of IL-d-fl and gpl3u among U266 end HepGZ was ob- 
served (Figure 3D, lane 2: Figure 3E, lane 2), It could sug- 
gest that there might be a difference in the amount of BOK 
fL-6-R and gp130 expressed on the various cells. gpl30 
was also observed on murine transrectant M12IL6R cells 
(Figure 4). The gp130 molecule could be induced on this 
transfectant by the presence of IL-6-R mRNA, but this pos- 
sibility can be excluded since gp130 was cnprecipitated 
also from surface-iodlnated. fL-6-stlmulated parental M12 
cells with soluble IL-6-R and MTtQ antibody (Figure flA, 
fourth lane). 

M12 cells had no detectable binding capacity to [ 125 ijil- 
6 (Table 1) while they did express gpi30 (Figure 4A, Jane 
2; Figure 6A, fourth lane), confirming that the association 
molecule gp130 did not have a Jigand-btndlng property by 
itself. Moreover, M12 cells could not bind l 125 !JIL-6 even at 
37°C (data nof shown). These observations suggest that 
the (Lre-R system is composed of two functional chains: 
the ligand-blndlng 60K IL-6-R and the non-llgand-binding 
but signal-transducing gpl30. This may be in contrast to 
the IL-Z-R System. In fact, IL-2-R was shown to consist of 
two membrane polypeptide chains, p55 (a chain, lac) and 
p75 (f3 chain), both of which have 1L-2 binding properties 
(Sharon et ai. , 1986; Tsudo et al.. 1986; TeshigawaraetaL, 
1987), but only the p chain was shown to mediate IL-2 sig- 
nal (Robb and Green, 1087; Hatakeyama et al., 1987). 

gp130 Is a Possible Signal transducer 

The findings support the possibility that gpl30 is involved 

in IL-6 signal transduction: First all the lL-0-responsiVe 



cells tested, Including HepG2, CESS, and KT3 t expressed 
gp130 (Figure 3E and data not shown). These certs re- 
spond to IL-6 to produce acute phase proteins, to secrete 
IgG, and to promote cell growth (Gauldle et aL, 19S7; 
Hirano et aL, IMS; Shimizu et aL, 19Bfl). Second, IL-*-R- 
negative murine M12 cells acquired responsiveness to IL- 
6 after the expression of human IL4-R <?DNA (Rgure 4B), 
and the association of human IL-e-R and murine gpl30 
was observed (Figure 4A), This Indicated a possible con- 
served functional importance of in* association of the two 
molecules in murine and human ceils. Third, a mutant JL- 
6-H that lacked most of the intracytoplasmic portion could 
still transduce the signal when expressed on murine M1 
cells (Figure 5). Fourth, the soluble IL-6-R could associate 
with gpl30 In the presence of IL-a (Figure 6A) and 
provided the IL-6 signal (Figure 6B). The effect of soluble 
IL-e-R on the growth inhibition of M1 cells was more ap- 
parent al higher dose, of IL-6 (Figure SB), suggesting that 
the interaction of IL-6 and soluble IL-bvR may be weaker 
than the native IL-6-R, or that the amount of soluble IL-6-R 
contained in COST culture supernatant mey not be 
enough to generate a sufficient signal. The dissociation 
constant (Kj of me interaction between IL-6 and soluble 
IL-6-R was measured to be 1 nM (data not shown), which 
Is lower than that of native EL*6-R on M1 cells (Table 1). 
Augmented sensitivity of M1 cells to IL-6 in their growth in- 
hibition by COS7 cell supernatant containing soluble IL-6- 
R was diminished by absorbing the supernatant with 
MT16 monoclonal antibody-coated protein A-Sephajose 
(data not shown). This indicated that the soluble 
present in the COST cell supernatant was actually active 
on M1 cells. The possibility may not be excluded com- 
pletely that soluble IL-6-fl and IL-6 may form a multitaer- 
ized complex that can interact efficiently with murine 
R on Mi cells, resulting in augmentation of the sensitivity 
to il-s. 

Site and Mechanism of the Association of IL-S-R 
and gpiao 

gpi30 was shown to be a membrane molecule that Is ex- 
posed Outside the cells (Figures 3C and 3D), unlike me on- 
cogenes cr G proteins, which can act as signal trans- 
ducers subrrjembransousfy (Near and Clapham, idea). 
The results snowed that the association of IL-6-R and 
gpl30 occurred extracelluJarly: non-membrane-anChored 
sofu We IL-6-R could associate with gpiao ia the presence 
of )L-6 (Figure 6A) t Recent molecular cloning of the cDNA 
for murine IL-6-R showed no significant homology be- 
tween IL-6-Rsof human and mouse in thelrlntracytoplas- 
mic regions, whereas highly homologous regions were 
detected extracellularty (Tofcsuka et al., preparation), indi- 
cating the noncriOcal Importance of their intracytDolasmic 
regions in IL-6-rnediated events. Although no direct physi- 
cal association between IL-6-R and gpl30 could be 
shown, gpiao can be coprecipltated with IL€-R only fol- 
lowing IL-6 stimulus, it remains to be seen whether a 
qualitative change is essential for IL-6-R and gp130 to 
coprecipitate. It could be possible that an attoeteric 
change in 6QK iU6*t takes place following IL-6 binding 
and that this in turn can affect gp130. Alternatively. IL-6 
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bound lo IL-6-R might change its conformation to b& rec- 
ognized by gp130. 

Very Utile is known about JL-6 signal transduction: no 
Ca** change, PI turnover, or change in cytoplasmic pH 
were observed in ILr5 stimulated CESS ceils (Ktehi et at., 
unpublished data). The JL-6-R was shown not to have any 
unique sequence for signal transduction. The mechanism 
by which one ll&and (IL-6) can mediate multiple Functions 
In various tissues Is of paramount interest As suggested 
in this study, the presence of gp130 following IL-8- 
Interaction with its receptor might be essential for the bio- 
logical activities to take place. Trie finding of gpi30 may 
provide a clua to cytokine-mediated signal transduction. 
There could be gp130 variants in various tissues, or a third 
moiecute varying in each type of con might Interact with 
gpl30. This possibility, has yet to be demonstrated. Re- 
cently, iL-t-n and J FN y-R ware moiecularty cloned (Sims 
at al., Aguet el a!., 1986), but their intracytoplasmic 
portions also had no homology to any known functional 
structures or could not explain the action of these 
cytokines. The present study suggests the possible exis- 
tence of a molecule like gpldo for other cyiofcins-receptor 
systems, including IL-1-R and IFN y-H. It can be proposed 
that a molecule like gpiso could act as a signal amplifier 
as weir as a signet transducer for a Ngand whose receptors 
are not abundant on the cell surface. 

Experimental Procedures 
ftMsftetaflta 

jjl&h is the suns cell line aa JBSF2R as shown by VfemasaU et al, 
(19B8), M1ILBR was estabDshed using human IL-S-RcDNA inserted in 
CDMfl {S**d, 1W7) fry ©otranafectrori with pSVSNeo (Southern and 
Berg, fry of wtroporation. M12IL6R was obtained by transfoajng 

MIS wit* with hymen IL-e-R cONA inserted at the BamHI Srta of p2p- 
NeoSV (X)) (Cepko et #J-, 1994) fry e|e<afOpOratfrn and screened with 
G*l A (Sigma). Mutant tUB-R cDNA coding ammo aOd residue* 1-403, 
thus locking es out erf 82 intracyteplasmic amino add residues (Figure 
l) t W&B prepared using a Universal 1hm»eiipiion Terminator (Priarrna. 
eia). Ties mutant cDNA was insaned in pZipNeoSVPQI and transfected 
inio M1 cells (kindly provided by Dc T. Suda) by etectroporstton; then 
MIILSFl A >C was Obtained after &418 screenlng. 

Afittbedlee 

A synthetic peptide was prepared on the basis erf the deduced amino 
acid sequence of the Cytoplasmic portion of the lLr5-R (Figure. 1, 
WP(lde-1). Ant t-peptide antisera were obtained by immunizing rabbits 
wfth fre peptide coupled to ovalbumin a* described by Hiiano et Si, 
(1937). Antibody was affinity-purified by a peptide column. Rabbit anti- 
IL-6 f+tXrty we* prepared as described by Hirano el al. (1386), HT1S 
IS S moW anti-human Jte-R rnOndclonai antibody (Hlr»ta et aj„ un- 
published data). MT18 wu purified from ascites by ammonium sulfete 
precipitation and protein ASapharose {Pharmacia) column chroma- 
tography. 

Internal LabeMng 

Cetis $0*) were washed in methtonirie-free RPMi i&*0 medium and 
precultured In 2 mi of mathloftlfte-fr** RPMI1640 medium, 10% dla- 
lyiod FGS for 15 min at 37*C. Precuttured cola were incubated in 05 
ml of the same medium containing 05 met »&mathiOmne (MEN) tor 
4 hr Mowed by a label cnase with normal RFMI1S40 medium for 05 tn 

Celi>Surf*ce Labeling 

Celts (10 7 ) were washed in PBS and r&syapended in 0.1 ml of 50 mM 

Trie (pH 74), 0,15 M NeCl. Nap 25 !] (NEW) was incubated In D.I rnj Of 
the same boater with two Eodobaeds (Pierce) for 5 m in al room tempera* 
tuna, then mixed with the ceil suspension according to the manufac- 



turer's pnxvdure. The reaction mixture was incubated for 30 min at 
room temperature with occasional agitation. 

Cell Lye la end ImmunopmotpitBtiOn 

For NHO lysis, OOlls (1Q 7 ) ware |y»d in a2 ml Of 05<* NF«0 in TBS 
(10 mM Iris {pH 7-4), p.i§ M NbCQ containing 1 mM pAPMSF (a, Water- 
soluble derivative of PMSF, Wafco chemical) by vortaxlng at #C «or 
20 min. Oigitonih fysifi was processed according to a modification of 
a previous report {Oettgon et al., 1986). CeBs (iQ 7 ) were suspended in 
0.2 ml of dighonin extraction buffer (1% digltonki. 10 mM trielhsnolar 
mine {pH TflJ, aiS M NaCl, 10 mM todnacetamide, 1 mM pAPMSF) and 
rotated Jor 15 min ax 4*0. Highly wster-Boiub* dtfiltonln (Wsko cnemi- 
cals) was used. Both extracts wars then centrifuged ^ 10,000 ^ g for 
30 min and the deer lyeates were incubated with 30 pi packed volume 
of protein A-SfiDharcse bead* preooated with normal rabbit or mouse 
serum (100 uJ serum, t hr coaling) tor 2 hr at 4*C by rotation. NP40 
lyaate wat denatured by boiling for 5 min with 0£% SDS before 
preetaajt Predeared rysates wore mixed wilhl 10 ug PUrtfied rabbit or 
mouse antibody and incubated for 1$ hr at^C followed by 1 hr incuba- 
tion with 15 pJ packed volume of protein A-Sepnarose. Immunopredpt- 
tales wore wssned six times either in 0.1% NP40, TBS {Nf^O tysate) 
or in digjtonin lyals but for (diglfonh lysate, and subjected to &08- 
AM5E. Gradient potyacrylarrtioo pals (4^> to ware used. 

Ces**4Jnklrig 

Metajuiltatly labeled celts Were incubated in 1 ml of 10 mgAni BSA, 
HPMI1&40 containing 360 nM IL-S for 1 hr at mom temperature. After 
three washes in ice-cold PB$» the cell* wens suspended in 1 ml PBS 
(pK &3) containing 0.1 mM eth>4ene5?ycol^fafs-N-h>tiri»cy succlMmide 
(EG&, Sigma) and rotated for 30 min at TC, Crosa-)in)cing by BOS was 
cleaved oy incubating In 0.1 M hymxytamine (pH 85) for 12 hr at 37°C 
(Atom at al., 

Enctogiycosidate Digestion 

immurKMpreciphatod maforiate bound on protein ArSephaross were 
resuspanded in 005 rnl of 0,1 M acetate buffer (pH 6^). 10 mM CaCl z 
containing 0-015 y neuraminidase (Oanzyme) and Incubated for 1 hr, 
then 5 ut of 0.1 M D^eJad«>c-T-iactorrd and 1 pi of t U/ml O-glycanaae 
(Gienzyme) warn added and incubated tor 16 hr. Subsequently, a? pi 
Of 10% BO?, 32 p| of 9.25 M Sodium phosphate buffer (pH $.0), 6-4 pi 
Of 1 M phenanthrollne hydrate, 5 u) Of 10% NP40, and 1 pi of 250 U/ml 
N-glycanase (Gertzyma) wore added according to a modified manufoc- 
turer^ proxjcdl and Incucaled tor 4 hr, AM enzymadc reaction? w^re 
processed at 37*C. 

Call Pr^ttforatfon Assay 

lb produce M12 and its transfectani: cetis were cxitured for jo days In 
mtcrocuiture plates (30 celitf ml. 0,1 ml/wall). Coforimetric aaeay tor cell 
growth was processed as described <Moam*nn, 1963); briafty 10 K l 9 f 
5 mg/mr 3<4^ctirnethyhnla«oi^.yl>2^iphenyt tetnuolium bromide 
(MTT, Sigma) was added to the cell culture and incubated for 4 hr at 
37*C, then mixed thoroughly With 100 at of OTM N HCi in isopropsnot 
and A570 was measured, lib produce M1 and Its transfectsnts: qe&s 
were maintained as described (Miy&ura et a)., lOSS). Cells were cul- 
tured for 60 hr in mkrocuitui* plates (1 * 10* calls/ml. QJi mVmt) 
and pulsa-iabefod with i'HrpjR (1 pCyWell) for 10 hr. Calls were har- 
vested on giasG titer* and cell-associated radioactivity was measured. 

Soluble 

Mutant tL-frrt cDNA coding amino adds 1-322 and lacking the trans- 
membrane and cytoplasmic domains was prepared using an in vitro 
Mutagenesis System (Amersham) with a synthetic nucleotide 
Oligomer. $' GTCCTCCA^7XrTAQAACOA<SGT. Thus amino acid 323 
was changed to Val and the tarmination codon TAO was introduced at 
peart ton 3^4. The mutant cONA was inserted m pSVL vector (Phnrma- 
da). Cufojre eupomsUant of COST ceiia tranefocted with th« pta«mid 
by calcium phosphate method (Wtgier et al., "3976) was collected on 
day 2. MocK control was prepared using pSVL vector without the 
insert. 
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